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Preface N

A »

The PLATO IV domputex-based education system was developed in the
Computer-based Education Research LabBoratory (CERL) of the University of
Iilinois, Urbana. PLATO IV is’the result of fifteen years of research

- and development effort led by Donald Bitzer, director of CERL. Th¥ system_
presently links nine hundred graphical-display terminals to a large computer
in Urbana. Some of thése terminals are located as far away as San Diego,
Toronto, and Washington, D.C.- Students are tutored individually at terminals
by interacting with PLATO lesson materials created by teachers. There are
over two thousand hours of PLATO lessons available at all terminals. These
lessons span a wide range of subject areas and are used by studernts in ele-

entary schools, community colleges, military training bases, universities,
and dommercial traiging programs. Authors of lesson materials are teachers
who yse the TUTOR Janguage to tell PLATO how to interact with students on
an individual ba®is. This book explains the TUTOR language in detail and is
intended to help authors write quality lesson materials. ' :

In 1967. ﬁaul Tenczar, then a graduate studént in zoolegy, concluded
. that existing methods of creating computer-based lesson material on the ear-
o lier PLATO III systemwere unhecessarily difficult. As a result he originated
the TUTOR language. There followed a rapid-increase in the number of authors
and in the number and sophlstlcatlon of the lessons they wrote. This
active author community in turn spurred the continual development. and refine-
ment of TUTOR by requesting additional needed features. In 1970 CERL began
implementing the PLATO IV system, which afforded a rare opportunlty to take
" stock of the evolution of TUTOR up to that point and make a fresh start..’

Many useful simplifications were made, and many important feature& were .
added. The growth of PLATO IV into a continental network brought together

an ever-wider spectrum of authors through the rich interpersonal communications
facilities available on PLATO, and the suggcstlons and criticisms from these
authors contributed to the present form of the TUTOR language. Also of

great importance has been the large number of students who have used PLATO
Jessons and whose experiences have influenced the development of TUTOR to-

meet their needs. The TUTOR language described in this book ig, therefore,

based on heavy use-testing. :
/-\\j\\\ In the earliest phase Paul Tenczar and Richard Blomme were mainly respon-

sible for TUTOR development. Since then, many people have been involved,

some as full-time CERL staff members and some as high-school, undergraduate,
or graduate students. It is impossible to acknowledge: adequately the various
contributions, and difficult even to list all those who have played a major
role, but an attempt should be made. Paul Tenczar is hcad of TUTOR develop- ,
ment, Full-time people have included David Andersen, Richard Blomme,

John Carstedt- (CDC), Ruth Chabay, Christophér Fugitt, Don Lee, Robert Rader,
Bruce Sherwood, and Michael Walker.
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They h&bc'been assisted by‘Jameszbar;y; Masako Secrest, and Donald Shirer, - .
and by Doug Brown, David Frankel, Steven Freyder, She;win Gooth, David Kopf,
Kim Mast, Phil Mast, Marshall Midden, Louis Steinberg, Larry White, and

.
v
53 . .

All of these people have been involved mainly with "software", the
programming of the PLATO computer in such a way as £o permit authors and
students to write and use computer-based lessons. Oflcdual importance to
tht technical success of PLATO are the CERL engineers, scientists, and
technicians who invented, designed, and impkemented the uUnique terminals
and telecommunications devices ("hardware") which form the PLATO educational
network. Mdny attractives featurgqs of the TUTOR language axe closely related
to the unusual characterisiics of these devices. CERL personnel who have : =
been heavily invqlved in hardware de¢velopment .incldde Donald Bitzer, L 3 ' <. .
Jack Stifle, Fred Ebeling, Miq@ael Johnsofi, Roger Johnson, Frank Propst,
Dominic_Skaperdas, Gene S$lottow, and Paul Tucker. :

. Y . ) v

The PLATO computer is a Contrél Data ‘Corporation Cyber coﬁputer, whose
ExtendedgCore Storage provides the high-gpeed swapping meﬁory esseéntial to
$mentation of PLATO and' TUTOR. \Q AN g

~

*, The latter part of chapter 1 is adapted from a PLATO III document, c e
YThé TUTOR ganual"”, by R.A. Avner and P. Temczar. ’
. ' * " . -, a
I thank Elaine Avner for editorial assistance, Sheila Knisley for
typing, and Stanley Smith for photographic wbrk. I appreciate the encourage-
menq William Golden gave me to finish the task. ' »
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n I. Introduction P

Thig book deseribes in detail the TUTOR language which ig used by .
teachers to create legson-materials on the PLATO IV c&ﬁ uter-based education
system. Teachers ucge the-TUTOR language to express to/the PLATO computer
how PLATO should interact with individufl students., Students and teqchers
interact with PLATO through terminals each of which includes a plasma-panel
dioplay screen and a typewrjter keyboard, ag shown.. Using TITOR, an author
‘of a computer-based lesson can tell PLATO how to.display text, line drawings, . -
and animations on the student's screen. The author can agk PLATO to calculate
for the student, to offer the student various sequencing optLons, qnd to ’ -
analyz¢ gtudent reopdnueu. , '

It is hoped that you have hlready st&@ied the textbook "Introduction to:
TUTOR" by J. Ghesquiere, C. Davig, and C. Thompson, and the agssociated PLATO
lescons.  These materials are decsigned to teach you not only bagic aspects
of TUTOR but also how to create and test your own lesgons on the PLATO gystem.
The present book, "The TUTOR Lanquage", does not attempt to degseribe the latter
agspects, such .as how to inscert or delete parts of your lescon and how to- try.
out your néw lesson. It doeg cover all aspects of .the TUTOR language: that
ig, ghgg gtatements to give PLATO but not how to type these otatements into )
a permangnt PLATO lesson gpace.  From tudying this book you could, in principle,

-

wrlteckﬁnxon paper a léscen expregsed in the TUTOR language, but when you go ‘ v
to a PLATO, terminal to type in your new 1euson, you may not know what buttongo d
-to push to qeL started. Algo, thig book discusges TUTOR in more detail than .

does "Introduction to TUTOR", which makes "The TUTOR Language" lecs appropriate
for your inftial study. -

It is also hoped that as you study this book you will try things out at - ¢
a PLATO terminal. TUTOR is designed for interactive use, in which an author "
writes' o short gegment of a lesgon, trieo'it, and-reviges it on the bagisc of
the trial. Normally the sgquence write, try, revice, and try again takes only
a few minutes at a PLATO ‘terminal. "It is far better to create a lesson thig
way than to write out a complete lecson on parer only to find upon tegting
that the Qvurall "tructure ig 1nappropf1ate. )

It ig also hglpful to try the sample 1esson fragments diccussed in thio
boek. It ic literally imposoible to degeribe fully in this book how the
examples would appear on a PLATO termlnal The PLATO anedium is far richer
than the book medium. One sotriking example is the PLATO facility for making
anlmatlons guch as a ear driving agrosg the screen. Ag another example, you

st experxence it directly to appreciate how ecagy it ig at a PLATO terminal

to draw a picture on the screen (by moving a curgor and marking points), then - .
let PLATO .automatically create the correscponding TUTOR language statements

which would produce that picture.v¥FLATo actually writeg a lecuon cegment for
youl! .




»,
This book is.written in an informal. style. Sometimes, when the context ) ‘

is appropriate, topics are introduced in a'ﬁifferent chapter than would be

. required by strict adherence to a formal classification scheme. 1In these

: cases the feature is at least mentioned: in the other chapter, and the ‘index

‘ at the end of the book provides an extensivq cross—~linkage. The order of

presentation, emphasis, examples, and counter-examples are all based on T

extensive experience with the kinds of questions working authors tend to

ask about.TUTOR. 1In thé past no detailed documént of this kind wag available,

which led to various kinds of confusion in the minds of many authors. It

is hopé@ that this book will prevent much confusion from getting started,

by answering many questions before they are asked. ' . X

1f you are a fairly new TUTOK author, read this book lightly to get
. acquainted with the many features TUTOR offers. Plan to return to the book
from time to time ag your. own. authoring activities lead you to seek detailed
information and suggestions. Your initial®light reading should help-orient .
you to finding appropriate sections forelater intensive.study. After you

. . feel you know TUTOR inside and out,! read this book carefully one last time,
e looking particularly for links among diverse agpects of the language.- This
) 1ast‘readinng;ll mean much® more to you, than the firstl N )
- . v » - .

. If you are already an experienced TUTOR author, read this book- carefully L
with two goalg in mind: to gpot features unused in your past work but of
«potential bencfit, and to acquire a more detailed understanding of the
structural agpects of the language, with' particular emphasis on Judging.

The remainder of this introductory chapter contains gome interesting
examples of existing PLATO lessons, a degcription of the PLATO keyboard
. including the use of the special function keys,- and a ‘review of the most
bagic aspects of TUTOR. . . y

. -
-a )

. o . A ' ’ . L2 ‘ v

Sample PLATO lessons ' : I

On the following pages are giveh several examples of interesting PLATO

( lessons.  All were written in the TUTOR language. They have been chosen to Cwm
give you come idea of the broad range of possibilities made possible through

TUTOR.. Each example ig jllustrated with a phaotograph of the student'

gerecn at a Signifiéant representative point in the lesson.

The PLATO terminal's display sereen consists of a "plasma display’panel" v
which containg 512 horizontal wires and 512 vertical wires mounted on two . ‘e
. flat plates of glass betwqpn‘which is neon gas. Any or all of the quarter-
million (512x512) intersections of the horizontal and vertical wires -can be

made to glow as a small orange dot. (The word "plasma® is the scientlfic name P
for an ionized gag; the orange glow is emitted by ionized neon gas.) - As can
be peen in the sample photographs, the PLATO terminal can draw lines and ‘

circles on the plasma panel as well as display text using various alphabets.

Both drawings and text actually are made up of many dots. TUTOR has many

'display features for writing or erasing text.and drawings on the placma panel, . ™
. - L)

»

o
-




. Type your guention about the unknown and then
Frene NOXT. f
. A R .
When you have 1dentified ha c:—’ourfpr- enx.
-~ -

. * N , LOCOMOTIVE @ Turn
tt . N . Your rusbers:
Yourrdeve 1 aldets « ) u

» doss 1t disdolve 18 W0
/

It |l“.llumly'-alubl. N water - /

'_. OO . 4 g

.
For takles of data press ONTA. /|‘o revies cress LAD.

Fer halp preas

/

/
/
- /

-
Dialog in whiéh a chemistry h Game of mathematjgcal strategy
student atteﬁpts to identify . in which two grade-school
an unknown compound by “children compete in constructing
- agking experimental questxons. advantageous mathematical
(Stanley Smith) . : expressions from random numbers

appearing on the Spiwgprs.
(Bonnie Andergori)

-3 A -
/
¢ ) ; .
1
.
? & o Treraiate v
.« .. .8 * o
? . e N " Trorud wamer ' eyeber MO Puimt
* - ’ e .. “ . N The thied rar 10 o ece seltel 1N pheice ~h
a AL AL [ ] Aot v ’ D sima whs = ma merurcoey ses1me
L} n,.n [N ] n .
> The gir1 goee terrd the small e o
o T The gir) wam goind touard @ mebl) rusess.
The Coy walhe? fraom o' ¢ b, cesrs . Ve
displa sxarte Irm ‘a" ¢, 6, fLllmit, o
-::; l.m. [T Vice caih the gir]l Nirecti,
Tutorial on vectors in which Ruggian sentenc®” drill. The
™ the student walks a boy and markings under the gtudent's
« girl around. the streen and « tranglation of the gecond
measures their-vector displace- sentence indicate incorrect
ments. (Bruce Sherwood) words and miggpellings.
’ . ' (Congtance Curtin)
[
. \ ' ¢

. These are actual photograppa of the plasgma panel. The display
shows orange text and drawings on a black background, but the
pictures are shown here as black ‘on white for ease of reproductidh.
The plasma panel size is ‘22 cm. square (8.5 in. square).-
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The PLATO'keyboardxy . S ) - o : ‘

k)
i

. Every PLATO termlnal has a keyboard like the one pictured above. The
keyboard has a number of spec1al features which are closely related to certain
aspects of the TUTOR language, such ‘as the HELP key which lets students

. access optional sectlons of a lesson,wrlttenﬂln TUTOR.; -

.
. a

R The central white keys include letters, the numbers- ﬂ through 9 along ' -
, + . the top *row, and punctuation marks. Note that the numbers’ # and 1 are - -

different from the letters o .and 1. The Zero has 4 slash through it to .

-d1st1ngulsiglt unmlstakeably from the letter o. Except for these distinctions,

. o the Whltq ys are the ‘same ‘as the keys on a standard typewriter. Capital -
letters are typed by pressing either of the SHIFT keys while-striking a letter 3
key.  Some keys shoy tWo different characters, such as the keys in the upper ’

‘ .row: depressing*a HIFT key whlle str1k1ng a "4 produces a "s". "4 o

A LR -
A « .

Eight of the letter keys (d, 8. Wy Q) 8y Z,7X, and c all clustered around -
the s key) have arxrows marked on them pointing in the eight compass dlrectlons.
; " Typing "e" with a SHIPT key® depressed normally produdes a cap1tal "E" on the
screen, not a northeast arrow.- The directional arrows are shown because ‘these
keySvare sometimes used to control the motion of a cu¥sor %er peinter on the
. .screenJs, In this context the- student presses an un-shifted "e". and the lesson
1nterprets this ag a.command to move a curser northeast on the screen, rather
than a command to display an "é" on the screen. Such redefinitions of what
‘a key shdéuld do in a pdrtlcuTar context prov1de enormous flex1b111ty. Another
. + interesting example is the use of the keyboard to. type Russian text in the
o Cyr1111c alphabet. Qﬂ .- * s

v o
- . -

Koy ’

¥

e - o Ly Coe A .
.
. L
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h bar" at the bottom of the keyboard. ‘Holding down a shift key while hitting
the 'space bar.prqduces a bapkspace. An example of its use is in underlining. -

5 : .

.o . I"4

épaces (blank characters)- are produced by striking the long “"space

A d

*The underlined word "cat". is produced by typing.c, a, t; backspace, backspace;
backspace, underline, underllne, underline (underllne is shift~6, not"to be
confused with the minus sign or dash). Typing T, backspace, H will super-.
impgse the two letters: ®H. Backspace is ysed for super1mpos1ng characters,

- wherngas "the ERASE key (just to the right of the letter p) is used to correct
~\typ1ng errors.. .. « . g _ : "

-

A few black'keys\at the left of the keyboard are mainly ass001ated with

-mathematical operatlons. plus, minus (also used as a dash), times.&nd d1v1de.

(+ ls;equlvaleht to the slash /). The & is used in TUTOR calculations.to
assign values to, varlables. The TAB key is most often used by authors 20
‘'writing lessons, rather than by students studying lessons. Its functlon is .
similar tq the tabulate function on gtandard typewriteérs: presslng TAB
once is equivalent to hitting the-spaze bar as many times as is necessary

to reach a preset ¢olumn on the screen. Shift-TAB, called CR for "carriage -

return" in analogy with-a typewriter, moves typing down ohe lifie and to the
left margin.  Shift-pluk produces.a £ (whloh means summation in mathematical
notation) and shlft-minus prod ces a A (whlch means dlfference in mathematlcal
notatlon ) ' :

. The black keys at the right of the keyboard are called "functlon" keys
because they carry out various functions rather than.displaying a character
on the sgreen. By far the most important function key is NEXT. The cardinal
rule  for studying PLATO lessons is "When in doubt, press NEXT."- Pressing -
NEXT causes the next logical thing to happen, such as pgoceeding on to a
new display, asklng for a response to bé\judged, erasing an entire incorrect
response, etc. ,The second ‘most important function key is ERASE, which is
used to correct typmng errors. . Each press of ERASE erases one’ character
from the screen. Pressing shift-ERASE (abbreviated'as _ERASE1) erases an
entire word rather than a single charac¢ter. Note the difference from the’
backspace (shlft-space) which does not erase and is used for superimposing
characters. _ . P -

\ . The EDIT key is also used for correcting typing. Suppose  you have . -
typed "the quik brown fox" when you notice the,missing "c" in "quik". - You
could press ERASE1 twice to erase "fox" and "brown", use’ ERASE_to get rid
of. the "k", then retype "ck brown fox". The EDIT key makes shch retyping
unnecessary. Instead of hitting ERASE], you press EDIT which makes the en-
tire sentence disappear. 'Press EDIT again, and the entire first word "the"
appears. Press EDIT agaln "and you see "the qulk" on the screen. Use

words "brown" and-‘"fox". The final result)is “the quick brown fox" fThis

, ERASE to coOrrect this to "the quick". thlt EDIT twice to brjing in the

* takes longer to describe here in words, bu

pressing the EDIT key a'few times .
_is much easier and.faster than d01ng all the retyping that would otherwise

" be necessary. - The EDIT1 key (shlft-EDIT) brings back the entire remalning
portion of a sentence. For example,-after inserting the "c" to make "the
quick", you could hit EDIT1 once to bring back "brown fox" "You should type
some sentences at a PLATO terminal and study the effects produced by EDIT

and EDIT1. S . .

- . . <
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A closely-related key is COPY. COPY and COPY1 are used mainly by
authors. "While EDIT- and EDIT1 cycle through words you h ve just typed,
COPY and COPY1 bring i words from a pre-deflned 'copy" sentence. These
keys are used heavily when- changlng or inserting portions of a lesson.

. The display "azb" can be made by hitting a, then’SUPER, then 2, then b.
SUPER makes a non-locking movement higher on the screen for typing super-
scripts. Notice that SUPER is struck ahd xeleased, not held down while
typing the superscrlpt. Striking shift-SUPER makes a locking movement, *

. .50 that the sequence a, shift-SURER, 2, b will produce/éQb. A similar key
is SUB: H20 is made by typing H, Sdﬁq 2, 0. A locking subscrlpt results*
from shlft-SUB, which is also what is used to get down from a locking
superscrlpt. Slmllarly, shift~SUPER will ‘move up from a lock;ng subscrlpt.

There are 34 additional characters not shown on' the ké¢yboard which are
dccessible with the MICRO key. For example, striking.arnd releasing the .
MICRO %éy followed by hlttlng "p" produces a m. The sequence MICRO-a pro-
duces’%n a. Typing e, MICRO, q produces &, whereas typing E, MICRO, ¢q
produces E Note the "auto-backspac1ng" which nqt only backspaces to
superimpose the accent mark but’also places the accent mark hlgher on a:
capital letter. SixyMICRO options involve autobackspacing: (q)k (e), .

u -

“(u), “(x), ~“(n), and .(c). The last accent mark (MICRO-c) is used for v

creating cedillas (¢ and %}’and does notinvolve a different height for
capitals. It 'is easy to

The and ~ accent markg are on the q and e keys whlch have the X and # .
& rows marked on them. The umlaut  usually appear on a u (German ii}y. The
c1rcumflex “~is on the x key. The. tilde ~ usually appears-.on an n (Spanish n).
The @reek létters o, B, 8, 6, A, y, ™, p, 0, and w are produced by typing
MICRO followed by ?, b, d, t, 1, M, p, r, s, or w. Here is a complete,list:

, kéy MICRO-key key . MICRO-key <\
o ! . )y? ;?(“embed"'symbols) \\“;::)
a °a (aip a) < (shift-@) < (less than or equal)
b 8 (beth) > (shift-1) 2 (qreater than or equal)
d § (delta) [ (shift-2) { (b
£ o (theta) . 1 (shift-3)  } braces) »
1 A (lambda) . $ (shift-4) # (pound sign) *
m p o (hu) co 5., @ (each) g
p T (pi) - 3 / . 6 D (arrow)
r p (rho) = # (not equal)
‘ s - o (sigma) ) (shift-=) = = (identity) . i .
T w w (omega) i ~ (approximate)
. g * (grave) o ° (degree sign) -
e “ (acute) I | (vertical line)
c’ s (cedilla) D + (east) '’
u ** (umlaut) W ‘ 4+ (north)
n ~ (tilde) . . A + (west) .
x ~ (circumflex) ‘ X ¥ , (south) -
‘ ~ ’ s (spec1al) )

I . & (amper sand)
"/ '\ "(backwards slash)

member these keys becJuse of natural associations. ,

L




Aruitoxt provided by Eic:

ERIC

" ) .

These are the standardrMICRO definitions. ‘'You can change these hy settlng
up your own micro table. This is discussed in chapter VIII.
. . . Y

+  The standard charac;ér set includes all the characters we have seen S0
far, including the Greek letters and other.characters ‘accessible through the
MICRO key. The shifted MICRO key, called FONT, lets you shift from this
standard set’ of characters to another set of up to 126 special charactefs
which.you can design. These special characters might be the Cyrillic,
Arabic, or Hebrew alphabet, or they can be pieces of pigtures, such as the
characters 4§~,§§ , and = whi¢ch form a car when displayed side by
side: [Z)x . Unlike MI€RO which only affects the next keypress, FONT ,
locks you in the alternate -"font" or character=- set. You press FONT again,
qz return to the standard  font. The'creation of new character sets is
described in chapter VIII. . ' .

..

.If the author activates it, fthe ANS key can be used by the student to
get the correct answer to a question. This is d&scussed in chapter VII.
The shifted ANS key, TERM, when pressed causes the question "what texm?% to
appear at the bqgtom of the screen. At this point you can type any of
various keywords “to.move ,to a different part\oﬁtthe lesson. The use of
TERM is discussed in chapter V. R ;* . : §
If you set up an op%ional help éequencé}\theEstudent can press the
HELP Key to enter this sequence. He can press BAGK (or BACK1) to go batk
to where he was when he requested help, or he wikl be brought back to the
original point upon completion of the help seguence. You could also specify
a different help sequence accessible by pressing HELP1 (shift-HELP). The
six keypresses HELP, HELP1, LAB, LAB1, DATA, and DATA1 can, if activated by
the author, allow the student a choice of six different help sequences.
You can also activate NEXT, NEXT1, BACK and BACK1, but these simply let
the student move around in the lesson without remembering and returning to
the original place. In®ther words, these four keys do not initiate "help"

sequences. Usually BACK is reserved for review sequences or similar situations

,

where you waaéyto back up. .

The STOP key throws away output destlned for the terminal. - A useful
examplg is_the case of skimming through pages of text in an on~line catalog
or collectlon of notes. If you decide you want to skip immediately to the
next page, you might press STOP so as not to wait the several seconds
required to finish plotting the present page. o

s

The STOP1 or shift-STOP key plays a crucial role. You press STOP1 to
leave a lesson you are studying. When a student is ready to leave the ter-
mjnal he presses STOP1, which performs a "sign-out" function. Among other
things, the sign-out procedure brings his pgfmanent status record up to date
so-that days later he can sign-in and resume in the same lesson where he left
off. When an author presses STOP1 to leave ‘hi's lesson ‘that he is testing,
he is taken back to a point in the PLATO system where he can make changes 1n
his lesson hefore trying it again.

*
£l

The key next to HELP with the square ([]) on it does not yet haye-a .
spec1f1c function. The shifted square key is presently used as theaACCESS
key, as descrlbed in, chapter VIII. 1 ¥

°
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ﬁasic aspects of TUTOR *

In their simplest form, lessons administexred by the PLATO interactive
educational system consist of a repeating sequence: a display on the
_student's screen followed by the student's resppnse to this display. The
display information may consist of sentences, line drawings, graphs, animations
(moving displays) --hearly anything of a pictorial nature - and in any com-
bination. Thé student responds to this dlspl§§ y ‘pressing a single key
(e.g., the HELP or NEXT key) or by typing a wdrd, sentence, or mathematical ’
expression, or even by making a geometrical construction. Lesson authors
provide enough details about the possible studenl responses so that PLATO K
can maintain a dlalég with student. The sequenceg of a display followed '
by a response’ is the basic building block of a ldsson and is called a "unit"
in the TUTOR language. This “d¥§play—fesponse“ erminology is convenient
but is rot intended to imply that the student is|/in a subgervient posit}on..
Often what we will conventionally call the studént "response" is a question .
or a command to PLATO to ¥espond with a display of some kind.

.

An author con'structs a lesson by wrlting O E "unit" at a time. For
each unlt, the author usés the TUTOR.language t "specify (1) the digplay.
that will appear oq the student's screen, (2) h w PLATO is_to handle
student responses to this display, and (3) how he current unit connects to
other anits.

write How are you today?
s I/ Lf‘*—y‘rf-/l ~N e VT N— ’
e command tag :

. . v

\ ‘ N 1

remainder (H¢w are you today?) is called the fag. /Command names mnemonically .
« represent PLATO functions. Following is an entird unit written in TUTOR.
The figure shows what ‘a student would see ‘on his screen while working on the

unit. . : . L - -
P i

unit geometry o
at . 1812 ° 0 Vo ’ \
write What is this figure? Ty
draw  ST@;151%;154¢;518 ; n
arrow 2§15 R

. answer <it, is,ab (right,rt) triangle ————

o write Exactly rlght! ’ N -
wrong <it,is,a> square —

) write Count the’ sides! ’

As one can infer, tags individualize commands for the particular function -
desired. We will discuss each statement of this unit in detail.

¢
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''unit. geometry.

The -unit- statement injitidtes each unit.' The tag (geometfy) will
become useful later when.,units are connected together tp form a lesson.,
K Each unit must have a nane. ,No two units inr a.lesson"ay have the same
name. ' - *

v

. y at 1812 ., )
. . . - * .
‘ The .~at- statement specifies at what #gsition on the screen a display
will occur. The tag "1812" means that we will display something on the
18th line in -the 12th character position. The top line of the screen
ig line 1 and the bottoem line is line 32. Fhere are 64 character. positions .
* 7going from g1 at the left edge of the screeniygo, 64 at the right. ‘'Thus,

181 refers to line 1, character position ﬂ1§§€' m&pper,left corner of the

- screen), while 3264 refers to line 32, character position 64 (the lower

right corner of.the screen). Note that "@" means the number zero, as -

digtinct from the letter "O".

-] .

[
: 84 character’positions

b
#4 §8_12 16 28 24 20 32 36 4R 44 40 32 36 8 84 -t

Lina 18, character poajticon 11.

.
PR3- — muw
Fpot
L .

Y . 33 .

..Q‘r_ . ) i“ . \
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write What is this figure?

The -write- statement cauges the text contained in the tag to be . -
digplayed on the student's screen. The writing starts at line 18, character
) pogsition 12, ag gpecified by the preceding -at- gtatement. )
. . \ . )
/ draw 518:1518;1548:51¢ i . ) /
The -draw- statement specifies a straight-liné figure to be displayed
on the screen. Ip-this particular case a series of straight lines will be <, {
| drawn starting at location 51@ (line 5, character position 1f), going ver- .
~ ‘tically downward to location 151f@, then to the right to location 1540, and
finally back to the gtarting point, 51@. This produces a sight triangle on
the gtudent's screen. '

\‘1‘ ’ . 8
ERIC | .
: .
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' . arrow 2015 -

The -arrow- statement acts as a -boundary-line that separates preceding
display statemegts from following response-handling statements. Thus, what
precedes the -avrow- command produces the screen display which ‘remains visible
while e student works on the question. .‘Statements dfter the ~arrow- command
are used in handling student responses to the display. In addition, the
-arrow+ statement notifies TUTOR that a student response is required at this oo
point in the lesson. The tag of the -arrow- .statement locates_‘the student
response on the screen. An arrowhegad is shown on the screen at this place -«
to indicate to the student that a yesponse is desired and to tell him where
the-response will appear. 1In this case the arrowhead will appear on line’

2@, character position 15. The student's typing will start at 2817, leaving
a spaﬁe between the arrowhead ang his first letter. ! '

Y ) . -
, .

\
| answer <it,is,a> (right,rt) triangle

- .

-

. . [}
wrong <it,1s,a> square

The -answer- and -wrong~ statements are used to evaluate the student's
response. The special brackets <_and -> enclose optional words, while the
parentheseg enclose important words which are to be considered synonyms.
Thus any of the following student responses would match the -answér- state-
ment: "a right triangle", "it is a rttriangle","rttrigngle",étc.

' If the response matches the tag of the -answer- statement, TUTOR writes
"ok" after the student's response. For a matchsto a ~wrong- statement, "no"
is written. An . "ok" judgment allows the student’ to proceed to tgp next
unit, whereas a "no" judgment requires the student to erase and try again.
Any response not foreseen by -answer- or.-wrong~ statements ig judged "no".

. &, » ‘ .
Having matched the student's response, TUTOR proceeds to execute any

digplay stage@gnts following the matcheqd -dnswer~ or -wrong- statement.
Thus, student.responses of "a'right triangle" and gpquare" will trigger
appropriate replies. In the absence of gpecific ~-at- statements, TUTOR
will display these replies three lines below-the gtudent's regpongse on the
gcreen. Here is what happens if the gstudent responds with Ma lovely tringle, :
right?": . : ‘ N

1/

> a lovelx tz;géggé:e,éight?

TUTOR automatically marks up the student's responsé to givé detailed infor-
mation ornl what is wrong with the response. The word "lovely" does not ;

belong here and is marked with XXXXXX, the word "tringle" ig miscpelled
and is underlined, and the word "right" is out of order, as ig indicated
by the small arrow. . . A ’ \

~t
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Statements can be added to the cyrrent example unit which will greatly
improve it. Consider the following:
unit geometry ) . '
at 1812
1 write 'wWhat is this figure? .
' draw 5109;15108;1548;518
arrow 2ﬂ15
(:;>specs' bumpshlft'
. answer <it,is,a> (right,rt) triangle \
write  Exactly rjght! '

answer <it,is,a> (three,3) sided (rlght,rﬁ) polygon >
! write Yes, or a right triangle. _ ’
wrong <it,is,a> triangle ’ * — 1
\, at 1695 \ ! -
write Please be more specific. -
It has a special angle. ' .
draw 1418;1412;1512
wrong <it,is,a> square W e
. write Count the sides! b ¢ ttvgie o

"As you can see, any number ofz‘angaer- and -wrong= statements can be added
to the response-handling section of the unit. Time and effort spent by an

\ author in providing for student responses other than the' common answer can

' greatly increase the ability to carry ona personal dialog with each student.

The figure ghows what the s#tudent will see if he responds with "a triangle".
The -specs- statgment is introduced here. "It is used to give optional
specificationg on how the student's response is to be handled. 1In this °
s o case the tag, "bumpshift", specifies that any capitalization in the %tudent's
= response is to be thrown away. As far as the fgllowing -answer- and ¥wrong—
commands are concerncd, it is as though all the student's capital letters
were replaced by lower-case letters. 1The student's response displayed on
- _the screen is not changed.) Without this specification, TUTOR would consider
"Right Triangle" to be misspelled. There are many convenient options avail-

. ' able in a -specs- statement. For example, "specs okextra,noorder”™ specifies
that extra words not mentioned explicitly in following -angwer- and -wrong-
statements are all right, and that the student's word order need not be
the same as the word order of the -answerv and -wrong- ctatements to achieve
a match. Such options can be used to broaden greatly the range of regponges

- .which can be handled properly. ) . .

)
J%

%3
S .

*»,.,_ Lesgons could be written using only the commands already digcusced.
Expi&natory units could be, written uging only digplay commands. Tutorial
units could be intersperged to téit a student's understanding of the lesson

. material. Thug a singijillnear ehain of units could form a lesgon. However,

U

N
Fa.

mastery of a few more TUYOR communds opens up a wealth of "branching”
gequencing posgibilitie Branchgng, the technlque of allowing alternate

“

>
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paths through a lesson, is
student. The example unit
-nextnow-, -back-, and -help

e of the keys to personal dialog with each
1, therefore, be expanded to include -next-,
commands:

©

\\hnit geometry

next moregeom ° °
,:}: help . thelpi *
v bgck intro_ . .

at 1812 !

write What is thi
draw 518;1518;154p}1519 ‘
arrow 2015 ’ &
{ specs  bumpshift \ R
answer <it,is,a> (rilght,rt) triangld
_ . " write fxactly righti! .
. wrong <it,is,a> tri
at 1605 _
write Please be more 'specific. . .
It has a special angle. * ‘
draw 1419;1412;1512
wrong <it,is,a> square
,,jpnextnow treview

éle

+
The tag of the -next- statement following the -unit~ command gives the name
of the next ‘unit the student will see upon the successful completion of
unit “"geometry". The -next- statement is necegsgary because in a highly-
branching lesson sequence the next unit, for a student may not be the unit
following in the lesson. . For example, a diagram of the lessgort flow involving
unit "geometry" might be:

~

Partiql'Diagrbm of Lesson

' . * & PIPE S
fanit intro ‘}‘\\‘T . T
. %
' . i
. 1 . g

I - |

[unit  treview] ’ //’\\\\ BACK i . C
, ] o
.L«/

unit geomietry

R !

NEXT [unit fhelpz |

NEXTNOW
PA)

Optional Branches

. AP s ]
[unit thelp3 F o

4 .
\unit moregcom |- - .
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In moving from one unit to ‘another the screen nogmally-ls automatically ,"
erased to make room for the displays produced by the following unit. ' ,442

]

The -help- statement refers to a help unit which the student may reach
through use Jf the HELP key. Help units are constructed in the same manner
as unit "geometry". Howéver, *he last (or only) unit in a help sequence -
is terminated by an -end- command. Upon completing the last help unit, the -
student is returned to the'"base” unit, the unit frem which he branched (in
this case unit "geometry"Y. The $tuderit need not complete the eptlre help T
sequence. He mdy press BACK or dﬁ;ft-BAcK to return to the’ unit from
any point in the help sequence. Help units for unit "geomekry" cbuld’appear
as follows: p <¢,

4 . > ‘7? -

L i‘

* These units are help<uﬁ1ts for "geometry -' .
‘unit thelp1 aA ' .
at 182 : - o ’ I
write The Figure "has thxee gldes. ) i
draw ., 518;1514; 154ﬂ,ﬁ1ﬂ f

[
* 14 e ) ' - .
: ‘ . s B T

unit thelp2 - . ,x : . Cy
at 1828 - A L ‘ =
write' It alop has threg angles. .

draw 519; 151;5 154;3 518

. unit thelp3

- " at 1828
o write Note the right angle. ' {
’ draw 518;1518;1544; 514 '

e | |

Any statement which bfging with an asterisk (*) has no ¢ffect on the operation
- of the legson and may be used anywhere to ingert comments to describe the

units. A comment gtdtemént between unitso improveu readablllty by guldlng the
* eye to the unit ,ubdx icions of the legsgon.

.;_4};'

V
I

. The -back- statemént permits the ‘student to move to a different unit
by pressing the BACK key. Because of its name, it is cugtomary to asgociate
a review sequence with the BACK key. If a student is in a non-help udit'
that does not coﬂEaln a -back- statement, the BACK key does nothing. 1In a’ ,
. help=-gequence unit that has no -back- statement, the BACK key returns “the
student to the original base unit.

w

)

L
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. the author might return the student to unit "geometry". Thus, this student's

eg e
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If the student calls the figure "a square"”, he will see this response
judged *"no" and ts, the reply "Count the sides!" The =-nextnow- statement
is used to force student through additional material. It locks the key-
Qpard so that only the NEXT key has any effect. particular, the sﬁudent,
cannot erase his response. When He presses NEXT, he will be sent to unit
"treview". Upon completion of one or more units'of review about triangles,

lesson flow might - consist of

4
,4‘

1) a discussion of geometric figures;“ . . °
2) a questlon about a rlght triangle;

3) an error causmng -nextnow- to lock the keyboard;

4) further study of triangles; °

5) finally, a return to the right triahgle. .
Consider now the problem of using unit "geometry" for a second student
response. Additional display information is needed to ask the student a
second question and another ~-arrow- command is needed plus ‘a second set of
response-handling statements. The unit could appear as follows: »

: unit geometry'

next moregeom . ‘
" back intro - J
help thelp1
at - 1812 : _ . - —
\ write What is this figuﬁ%? §
; draw 5109;1519;15498;518 .

arrow 2815

-

Response~handling !statements | ’
for first arrow. T

:.?' enda,ﬁow , ) :

at 2512 /
write How many degrees in . . R . j
a right angle? . Y | —

help angles . ’ ' ' .
arrow 2815 o '

Responde~handling qtateménts
for gsecond arrow . o

&y
The -endarrow- command delimits the response-handling statements associ%ted
with the first -arrow-. Only when the firgt -arrow- is satisfied by an "ok"
judgment will TUTOR proceed past the ~-endarrow- command to present ther second
question. The statement "help angles" overrides the earlier statement
"help thelp1”.. If the student pregges the HELP key while working on the

" second “arrow- he will reach unit "angles" rather than unit "thelp1",
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The second question ‘could have been given in a separate unit ‘rather
than following an -endarrow- command. The major difference is that the .
entxre screen is nprmally erased in proceeding.to a new unit, whereas here ~
the “second questlon was merely added to the, existing screen display.
Even if there isg" only one -arrow- command in-a unit, ~endarrow~ can be
useful, for it can be followed by display or other statements to be per=-
formed only after the.-arrow- is satisfied. -This is partlcularly convenlent
if there are several--answer-" commands correspondlng to several dlﬁferent T J
classes of acceptable responses. . . ' *
‘ Fourteen TUTOR commands have been illustrated in this chapter. This
repertoire is adequate ‘to begin lesson ®riting; and if you have access to
. a PLATO terminal, it would be useful at this point to try out the ideas o
discussad so far. \.

-
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~ athe bottom.
@1 at the left and character position 64 at the right.

II.

More on Creatimg Displays -

II - 1

4

*

"Particular attention should be paid to the question of how to.disqu?
text and line Mrawings to the student.
in a les%6n can make the difference between a successful or unsuccessful -
1nclud1ng animations (mov1ng dlsplays),

lessons.

Imaglnatlve use of graphlc
will capture the attentién of the student ‘and transmi
much more efficiently than would mere text.

write ‘text and draw figures by using the -at-,
This chapter will, discuss how to achieve finer control over
ho# to draw circles and citcular arcs; how to dibplay large-il
write at an angle, and how to erase portions of the screen.

Good or poor displays of material

You have already
-write-, and =g

’

% your message to him

. how to

cémmands.

p091t10n§,
: text and

The ablllty to

erase a portion of the screen makes it possible to create an;mated dlsplays.

Coarse grid and fine grid

It is convenient to specify a line number and character position for
We have seen thdt the TUTOR statement "at
instructs PLATO to dlsplay information starting on the 18th 11ne at the

digplaying text.

-12 character, position.

-

1812"

°

Line 1 is at the top of the screen and line 32 is at’

is called the coarse grid or gross grid.

Each line hds room for 64 characters, with character positign

This numbering scheme’

Sometimes it i% necessary to position text or draw a figure with finer

control than is permitted by the coarse grid.

The PLATY screen consists of |

a grld of 512 by 512 dots’, and the,position of any of these quarter-million
dots can be specified by giving two numbers - the number of dots from the left
edge of the screen (often called "x") and the number of dots up frxom the bottom

‘of the

.
s v

!

The position shown would be referred to ac "384,128" in an -at- or -draw-
Thic position in equivalent to the cocarse grid location 2449
Ag an example,

gtatement.

(line 24, character position 49).

sereen - (often called "y');
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Fine grid
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304,020
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unit , double AR x . L.
. at 384,128 a ; . ‘
. write DOUBLE WRITING " ' T : SRR

at . 385,129 g \ ; S, )
write ~DOUBLE WRITING g '

¢

. - ‘. -
would write "DCUBLE WRITING" twice . di.,placed horlzontally and vertically%
‘ by ¢ne dot This lodks .like this: . :

. /'1 l::l.l "I“,,,,I“l:li:h“mw‘muv “ﬂ“ :;:i' ”l “"" ,“ “ ,.“!l":f/ - (Gz:ea.tiy enlargec?t.)

1IN nr
‘The -draw- command permlts mixing the two numberlng schemes ’ "

araw 1215:1225:120,24051855 - . o

This meang "draw a straight line from 1215 to 1225 draw a second st,r:aight
line from there to (12#,240), then draw a third straight line from there to

1855", Note that each ﬁomt, whether exp;essed in coarse grid or fine grid, - -
must be set off by a semicolon. . > - .
*rfie -circle~ command \ ) i~ : \ ) )
IR 5 - - ‘
In addition to displaying text and line drawings, it is posgible to [
draw circles, Parts of circles, and broken ox dached ci cles. A circle whose ’ y
radius io 125 dotg,. centered at =20, y=ﬂ3ﬂﬂ, ig specifiedlby = < .
' - circle 102,0,6,3)} h ,,""' T '
center (x and y) - . o " ST
w ] IS -
. radius » S - ' .
f ¢ ‘.' * ‘ 4 .
If the command .namé io chdngeﬂ to -clrcleb-— a broken*or dashed circle will o Vel

be drawn. A‘partial circle ig gpecified by giwvirg a gtarting Qnd ending
angle: ' L C

| 5 © e v
- ) hd . ! .
. ' v : I n

- ending angle

tartiug angle ' b for breken . v
grartiog argle . or daghed o ) N

O . /c:rclc oo !
"* a , .
' 21F de 98,120,206, ':c.m N :

cur leb 98,392,256,28,278 - E ’ N
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" @ degrees unless stated otherw1se. !

Large-size writing: .-size- and ~rotate-

and even write at an angle. This is particularly useful in showi an eye-
catching title on a page. Here is a sample dlsplay thh the corr spondlng
TUTOR statements. The "$$" permits a comment to aBpear after a tag. ’

&

It is possible to have text“displayed in iarger.than,normal Eéze,

9
~ . - -
-

unit | title - S . ﬁ ,
size - 9.5 _  $Ntext 9.5 tdmes normdl size
rotate 45 $$ text rotate 45 degrees
at. 2519 - .

write ° Latin ) :

size ‘g | $$ return to normal writing
lrotate g = - L e

at, 3125 , :
write Lesson on Verbs T

I

’

For technical resens the Iarge-51ze wrltlng cgmes on the screen much more
slowly than does normal text, but the speed is adequate for" short titles.

Usé "size ﬂ‘“to return to normal writing. Normaluwrltlng is 'unaffected by

/rrotate-- use- 51ze 1" if it is desired to rotate text of the standard .
'size. Size 1. wrltlng-appears at the same slow sp&ed as larger writing: {about
6 character per second, or 6§ words per mlnute)x Only size @ writing is rapld
(18ﬂ characterlper second, or 18@@ words pef mlnute)

BE SURE TO RETURN-TO SIZE gLl Iﬁ'you forget to place a "51ze g,
statement after the completion of thejspec1al writing, all: of your text W1ll
be ‘written slowly {and possibly rotated). It is also good practiee to say
"rotate f@", so that the next time you use s1ze" the rotation will be throughX

N . -

’ & : f}

Animations .(moving displays): =-erase~ and -pause- .

» An animated display can be created by repetitively displaying'some,text, @
pausing, erasing the text and rewriting it in a new position on the screen.
SN
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ERIC -

Aruitoxt provided by Eic:

v

Hefé\is a unit which will show:twc balloons floating upwards:

) unit

\ . .

-\

e Balloons'go up !
$S$ use 00 for halloons ° . N
$$ suspend processing for 1.5 seconds :

$$ erase two characters:
$$ reposition 58 dots higher : . ,

unteh the bailows go upt  ~

—_—

Nateh the bellewcn ge ap! " Sateh tha betloorm go up!

- )

balloons
‘ at 3828
write Watch
at ' 25ﬂ,
: 'kmite
'_1:;>pausel 1.5
- at 258,198
erase 2
4 "/j;at‘ , 258,158
write 00
; pause. ‘1.5 .
. erase 2 *
. at 254,288
write 00
" . pause 1.5
a8’ '

The statement "erase’ 2"

disturbing- the rest of the screen.

~ P . -

selectfﬁely erases two character posltlons w1thout

ca -

In part;cular,)the text "Watch the balloons

go up!™ will stay on the screen.

There are'other forms of °‘the -erase- ccmmaﬁd.

?he statement

."erase

12,3" will selectively erase a block aof 12 character positions on
three consecutive coarse-grid lines. The statement “erase" with.no tag will
, erase the entire screen 1nstantaneously.. tHe .same full—screen'erase normal;y
takes place automatically upon moving to a new ma1n unlt.

-time-,.-and -catchup-.

-pause-,

Q

.

a

¢’

-

.

The -pause-

"specified amount
“to strike a key,

statement with a tag
of time. If the tag

any key, rather than

- form is particularly suitable in more

in seconds suspends process}ng for the
is omitted, TUTOR waits for the student
wait a specified amount of time. . This

compdlicated situations whgre the student

- o

-
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: : @ e dere i an examd
nay ‘want t;\study each step before proceeding. ere is an examplg:

S ; ", unit discuss g S S '
o at 539 o . .
o . write © There are several kinds . . . R
. A _of -erase- commands’ ' . e ’ .
O, for seleotive and full _ <+ ‘ ' v » b
°’ :\J; % ' " erasing of the screen, R e S |
pause . ) _ s . ' T
/:}9 ® 152ﬂ‘ ' ' . . |
. wrlte "érase 5" will erase ~ . : : ’ .
2 5 spaces. "erase 25,4" . A . ’ .
: * + will erase 25 spaces , ‘ . ' S
. ""on 4 lines. : v - ..
. ' pause % . - A :
- at 2520 < . *
- 8 write * An -erase- apmmahd ’ . ' , : P :
: , , . with a blank ta G o L
' : - will erase the wholé _A§>
/ screen. . * . .
N . . &
: e s . ommmmee Tz S
- . ' f X . .
¢ . ‘ / ! E::::':::.E:u V “ -
1l ¥ , Berean, v
b o / >
N ‘ N ’ s
[ - ¢ ¢
) , & ° . " % i
fach'time the student pr es a key .to move past the -pause~ command, -
e more text is added to thziilreen. This prevents the student from feeling '
overwhelmed by too much text belng thirown at him all at once. Each new
paragraph is addked only when. he slgnals by pressing- a-key that he wants to =~ °
go on. On the other hand, this structure leaves the earlier paragraphs on- R )
thedscreen so that he can look back to review. If.the -pause- commands were
replaced by -unit- commands, each paragraph would reside in a separate main
unit. . When the student presses NEXT to*move on to the hext¥main unit, the
screen is completely erased to make room for the next display. ,This would |
accomplish the objective of letting thé student cont¥ol the rafe of presen- - -
. tation of new materidl but would not leave the earlier paragraphs on the L
.screen for review. and comparlson . e ¥ ) .
b ]
o l

ERIC .

Aruitoxt provided by Eic:
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. If is' inadvisable in thre application to use "pause 15" rather thqn
"pause", for -thén the student has no control over the- presentation rate.
Any time delay you choose will be too fast for some students and too slow
for others. A timed —pause- is mainly useful for animations. Sometimes it ,
is appropriate to move on after a long time if the student hasn't pressed a //

. key himself. This .can be achieved w1th a -time- ‘command s . . s

. « . /
AN . /

\ V.

-

The "time 3" statement will "press the timeup key" after 3@ seconds; so

that if the student does not press a key, TUTOR will. 'But the student can . .
moveyon sQonexr by pressing a key before then, whlch is not pos51ble 1f/you

use "pause 3gr.

-

To summarize, there are three types of -pause- situations:

-

N 1) pause “n . pause n'seconds whether
keys are pressed or not f p
B 2), pause ¢ wait for any key _ .
3) time n +  wait for asRkey or n seconds. *
' - pause B ~

* Occasionally ‘you might want to send sevdral seconds worth of output

to the student's screen, then pause two_seconds, then ad¢ something else.

If ybu write - ;o » v
i several seconds,of display---text and o
rawings which take several deconds to . .
int on the screen -
R
-followed by- .
. » .l . . . f&
pause 2 s . . ) ‘ » . -
‘write More text. . . . o - SN .

i
you, will not get the des1red effect because TUTOR will add "More text..." ¢
‘right after the initial mpterial headed toward the terminal, since the
"pause 2" ends before thé initial display is ®¥inished. ~ The student/wlll

. : N o
- ‘ ‘\

I3 . : -
f . . LA

Pl

: R 5




see no gab between the
is solved witﬁ A& -catchup- command: *

I3

-

catchup

pause
write

. !
+ The *catchup- commanE tells TUTOR to let the terminal '

|

ﬂIv—.7

_\i

2

More text. o .

\

work up to that point before continuing.
- » seconds, %9d you get the desired effect.

?

¢

The -mode- command

. -~ 4
The ~erase~ command may be used to erase blocks of character positions
Something else is needed for selectively erasing line
The PLATO terminal

or the whole screen.
drawings created with ~draw~ and =circle- statements.
can be placed in an erasure mode in which the terminal interprets all display
instructions as requests to erase rather than to light up the corresponding

Cw

.

l «

screen dots. This is done with the -mode~ command:

unit
at
write
draw
péuse
/:?>nmdeh
draw
‘mode
» at
write

/

modes
2517

Selective erase of a figure

1218;2018;2858;1218

erase
1214;2818; 2858
write

518

. One line left.

Calective erase of a figure

$$ triangle
.$$ wait for a key

first andisecond parts of the display. The problem

1

'catch _up" on its !
Then you pause an additional two |

f .
$$ part of the driangle

”

One lihe left.

»
- Gelective erase of e figure

L4

(8]

al
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The "write" mode is the normal display mode. Be\sure %o specify
"mode write" when you are through with "mode erase", or all further -
writing in that unit will be invisible! ., .
L ] -

In the standard modeg ("wrlte") it is possible to superlmpose or
overstrike text with another ~write~ statement. If, however, a
"mode " rewrite" statement is executed the second ~write~ statement

will eraje the previous text as it writes the new text, and there will be

no superposition. Compare these sequqnces in write and rewrite modes:
mode write , mode rewrite
at 1215 *  at 1215 ‘
_write  ABC ‘ ~* write ABC
at " 1215 . at 1215 ° -
write abc , ) write . abc P
' . write mode rewrite mode k
¥ aBe . abc . .
{superimposed) (not superimposed) B

)
In the rewrlte case the second -write- statement ‘wipes out the 3-character
area as it writes the new infoymation. "Each charaster area is 8 do wide by
16 dots higﬁ This determines the number of rows afld columns in cgzrse
grid: (512/8)=64 characters fit across the screen, and (512/16)=32 lines
of characters flll the screen vertically.

s

The statement "erase - 2" is actually eqpiva*ent to
. 4 ° - -

~

mode rewrite ‘ . . ~
write (two spaces) I 2
mode (brevious mode) i . \4

Writing spaces (blank characters) in rewriép made wipes out ‘an entire chardcter
area. ’

<
The balloon animation could have been written . ' \
. ’ TN ' . '
. at 255,108 A

write 00 - »
pause " 1.5 - T )
mode erase . . : N -

% at 25@,188 - . ' y
write 00 $$:instead of "erase 2"
mode write e ’ .
o . N BN

32 o SRR
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. 1N ot r?L
This form would be dlfferent from the\ﬁorm uslng "erase 2" if theﬁe ‘were
other screen dots lit in this area. "erase 2" completely erases uwo
character positions while Mwrite 00" in the erase mode erases only,the
dots that.make up-the letters "00" without disturbing meighboring dots.
. s A
. . $

- . . e

< . .
Automated'displayﬁgenenation, - . . n

[ -

It s;;uld be mentioned that an author working at a PIATO termifial cafy -
use a’ movlng dursor to des1gn a display involving text, line figures, cirdles
and arcs. The PLATO system then automatically creates corresponding TUTOR
statements which would produce that display. The author.can alter these
statements, convert them back into a dlsplay, and add to or. alter the result-
ing display. This facility makes it ‘'unnecessary in most cafes- to worry

' aboyt.the details of screen positions. - Here is an example of such operations:{,

. . . o -




Move the

cursor (the "+")

to draw the road and to

“mark the ehds of the tree

trunk.

a

L

-

n? .

Autessted ¢inploy-aaking!

o
04./ v

Specify a

circle for the

top of tlie tree. Draw the

houge, P
ious kiQd

ce text of var-
Azon the screen,

«The car -uses special

character

8.)

unjt display
draw 10124 1852;ekipy 1044 1hes © ’
circle 16,344,200

draw 1037316375 4535;1633;183)
at "~ 1m4,225° ?v

write (o,

t 2821

write display-making!

PLATO- automatically
generates TUTOR state-
ments corresponding to
the desired display!




v

R

»

s

ey

!

l

vt

. N
Astomated displey-making'

P -
unit display
draw ° 1812;1092;8kip] | 04451544
circle 16,344,200
draw 10371 16371133%71633;1903) ‘
at 184,225
write (o, ’
© at b4 4]
write Automated displaysmaksng'
aize 3
rotate -8
at 2321
write Lock!
draw 193911339513232%6,296;5272,29%
R
N -

.o o
‘ . 2
. [_’1 L3
S I I
““ Aut mated display making'
,}J‘ ° ” | / '
y 0 ’
; ' %, ,
f ! \\ . ' ,
/r . v
;
e ‘
Final result The iilhstrations in this book were created
f// by ,these teChnMques. The screen displays were phqtographed.
T : N
L] I /
. } . @,o_'_ _
O

ERIC

AruiText provided by enic (14

»

Recall the display and
add a flag to the house.

PLATO appends a -draw-
statement corresponding
to the flag.

o

P o
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III. Building your own tools:.-. the =do~ command '
\\\- . . i

3 You now know enough about presenting material to the student to be able
to make handsome displays. You will be able to do even more when you learn .
kow to tell PIATO to calculate complicated displays for you. Before discuss-
ing how to do calculations we will pause to introduce an extremely important
concept, the "subroutine", which is fundamental to all .aspects of authoring.
We will apply the concept of a subroutine right away to certain dlsphay
problens.

To introduce the use of subroutines, consider the problem of placing .

some standard -.message on several of your main lesson pages. For example, -

if the many units where.you make help available to “the atudenf'TifxiZ presses

the HELP key) you might like to advertlse this fact by placing at the bottom |

of the page this display: ’ |

» . M \

LBELP is avallablé] o T

The corresponding TUTOR statements might be .

at 3123 - . : s °
write HELP isg avallahle ‘ -
arqw 3022;3041;3141;3122;3022 ‘ _u

\
i ». ' \
It would be tedious to copy these statements into every unit where thqy were
required.” Moreover, if you decided later to move this to the upper rifht ~
corner of the screen,” you would have to find all occurrencds of thls an
ghange all of them. There:is a way around these difficnlties, and in later
work we will find further important advantages to the method. Suppose we -

write ‘a "subroutine", a unit to be used many times as needed:

unit helper . P
at 3123 L, .

‘write |HELP is available ) _

draw 3022;30841;3141;3122;3922, .. T ¢

. /
K .
Where we need to ghow this message we need-only write- the statement

- L3

do helper . .o = v -

which attaches unlt"helper" ta.the present mnit. r It is as’ though we had
inserted the contents of unit!“%helper" at the poxnt where we say "do - helper".
Now, instead of a dozen copies of ‘the display statements we haveﬁoniy‘one, 2
plus a dozen -~do- commpnds. The -do~ command may appear anywhere in a' unit: °
where you put it will”determine when the associated display appears on the '
screen in relation to your existing dlsplqy material, All thege displays .
may be changed by simply changlng the subroutine unit! _ It is not neccssary
to change the -do- statementa, just change unit "helper" which they all use.

. a ‘ = X ..l
I . .

‘
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The use of -do- improves the readability of a TUTOR lesson. When you.
gsee "do helper" anywhere in your lesson you recognize at a glance what it
is for, whereas the contents of unit "helper" might contain a large number
of statements which would clutter up your other units and decrease readability
if«these statements appeared.d%iectly in each unit.
p . . o
Let's consider another use. Suppose we wish to draw a "Cheshire cat"
_which fades to a smile as Alice watches.. We want to draw a cat, face made
up of the smile plus all the st qf the face, then erase everything but

the smile. Here is an elegant way to do it: o Dt
Ty unit Alice | . , .o .
‘ ‘ at - 512 o
write Wat£h the Cheshire cat!
do ca .
catchup = 4 §$$ wait for cat to be drawn
. pause 4 . §$ then pause|4 seconds
mode  erase
do face '
mode write .
at 3ﬂ1% . )
. . write See the smile? v =
. P . ,
We will need some units to use as the subroutines: . <
' . unit cat et
do face
> g - do smile
L .
unit face ! .. :
circle \]2ﬂ,25ﬂ,25ﬂ. $$ outline . A
circle 738,208,280 $$ eye .
circle 34,384,288 $$ eye )
) * ) ’ . 7 . Sos the anster
unit smile

- circle 84,25d,25¢,225,315  $$ smile - arc goes from
- 225° to 315°
Note that uni "Alice" does unit "cat", which in turn does units "face" and
N "smile"., TUPOR permits you to go ten levels deep in ~do-s. Here we have
-gope only two levels deep.- Note that unit "gmile" on its own is a ugeful gub-
routine 5ndlmight be-done whenever just the smile }s desired.

To summarize, we can build useful tools by constructing "subroutines"--
f units which may be done from many Qlaces in the lesson. The liberal use.of .
-do~ improves readability, reduces typing, and facilitates revising the lesson.
This last point ‘is particularly important when there is a "bug" (unknown error)
in the lesson. Debugging becomes vastly simpler because of the modular nature
of subroutines and the localization of critical points in a lesgson which uses.

*

o ~do- extensively. . . ; -

L]

. Y
- -
N .

0y

e
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IV. Doing cal&ulations in TUTOR

N

. .
jYQu can make TUTOR calculate things for you. For example:

L
. A

at 1281 P
write Who is bufied

' i Grant's tomb? - ,
arrow 12814348 .

.
. -~
.
-~
.

The -arrow- statement as .written is. completely equivalent to
arrow 15@9". Or consider this: a .

circle (412+72 62)1/2,1pp,208 - .

The radiua of the circle will be taken to be t?e square root of the sum
of 41 gquared and 72.6 squared. ’

Just about any expression that would have madé sense to your high school_f

algebra teacher will be understood and correctly evaluated. Some aliditional
exampleq.

B

Expression TUTOR Evaluation
- ——
3.4+5(23-3) /2 15,9 :
o 2x3+8 14 (Nor 22) ,
: sin (38°) g.5° (See Appendix C for other functione.h{A
49‘/2 7
.y Lt - O '

(4+7 ) 4( 3+6) 99

: 6/SX1ﬂ'3 1288 (NOT 1.2x1g-3) '

. “ - .

If your high :school algebra is rusty, we remind you that "2%5+3" means
"(2XS)+3" which is 13, not "2x (543) ", which is 16. The rule is that multi-
plication ig "more lmportant" than addition or subtraction and gets. done
first. If at gome point you are unsure, just ugt plenty of parentheses
around portions of your. expreasion to make the meaning unambiguous.
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A similar point holds for division, wiich is considered "more important",
than addition or subtraction. "8+6/2" means."8+(6/2)" which is 11, not
" (8+6) /2" which would be 7. The only ticklish point is whether multiplication
is more or less "important" than division. TUTOR agrees with most mathematical
books .and journals that multiplicatiop is more important than division, so ;
that "6x4/3X2" means " (6x4)/ (3%2)" which.is 4. Note that this means that TUTOR
. considers "1/2(6+4)" to be "1/(2(6+4))" which is #.#5, not "(1/2) (6+4)"
which would be 5. Again, when in doubt use parenthesesT_—You could write
".5(6+4)" if you wish, which is unambiguous.

) ° - W fr . o o
Experience has shown that students tend to write algebraic responses
according to these rules, and making‘TUTOR conform to these rules facili-
tates the correct judging of student algebraic and numerical responses.
. o

Having seen how expressions are haﬁdled, we can introduce "student-
variables" which may be used to hold numerical values obtained by evalu-
ating expréSSions. These stored results can be used later in theslesson.
For example, a’ "variable" might hold the student's score on a diagnostic oL ~1
quiz, and this score could be used later to determine how much drill to . a
give the student. -The storage place is called a "variable" because what
it holds may vary at different times in the lesson. Another variable "
might count the number of times the student has® reqyésted help, in which ‘
case the number which it holds would vary from @ to 1 to 23 etc.

. There are 15 "student variables" which can @? used for storing up .
- to 15@ numerical values. These "student Vvariables" are unimaginatively . ‘
called B - . . )

vi, v2, v3,...v148, v149, v150.,

Later in this section we will learn how tokéfbe them names which are -
appropriate to their particular uses in a partidular lesson, such as:

"radius", "wrongs", J'tries", "gpeed", etc. But at first-we'll just use ‘ .
their primitive names, vl through v154. o .
Thesge variabies are called student variables because each of the many

students who may simultaneously be studying ybdur lesson has his or her own
private set of 15@ variables. ° You might use variable v23 to count khe number
of correct responses on a certain topic, which will be.8iffercht for each
student. If thére are forty ctudents working .on your lesson, TUTOR is
keeping track of forty different "v23's", each one different.’! This is done
automatically for you, so that you can write’ the lesson with one individual
student' in mind, and v23 may be considered simply as containing that individual
studentts count of correct respbnses. Thus one student might be sent to a
remedial unit because the &ontents of his variable number 23 show that he
did poorly on this topic. Another student might be jumped ahead because the
contents of her variable 23 indiGate an excellent grasp of the material. It
ig through manipulation of the student variables that a lesson can be
highhy individualized for each student. - -

a o .

[ ? . o
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Variables are useful in bu11d1ng certaln kinds of displays.

A)\"

—1

.
.

/

.
N -
.

Let's .7

see haw to build a subroutine which card draw aOhalf-glrcIc in various sizes,

dependlng on variables

-

which we .set up.

- . ncircle radius,x,y,d,188"
(circle v1 ,v2,v3, 1,188 : -

5 . "draw x-radius,y;x+ dius;y"

) (draw, v2-v1, v3;v2+vl, ,v3)
- ' g L
b f 4 ,
(x~radius,y) (x,y) (x+radius,y) . . .
(v2-vi{ ,v3) (v2,v3) (v2+v1 . ,V3% -

\A

. b

{

n order to

. - . . LY
ecify the size of the figure and its location on the,

screén, we must spe 'fx,a\:aﬁfﬁs and a center (x and y).  If we let variable .
v1 hold the vaIue'for the radius, and let v2 and v3 keep the horizontal X

¢ .and vertical y position" of the,center, we can draw such a flgure 'with the
P

following unit:

"

» - I's - T -
unit halfdire, _ : . . =
circle .v1,v2,v3, ﬂ 189 $$ 188 degree arc_ = | - ¢ X
' draw ° v2-v1,v3;v2ayi,v3 - $$ horizontal lineg . .
’ . ° %
/ In order to use this bmbroutine we might write . . *
¢ . -
) N e r‘/ [ R L e e R e e e e P
"uni vary S B .
calc vl 198 $$ radiug 198 N&\\E- ) -
* cakc v2 3158 * $$ x center at 158 4 .
calc v3ea3gg. o $$ y genter at 398
do halfcxrc S , '
-~ cale v2 ¢2v2'+i $6 increment X centdr ° ‘

do halfcirc’

The statement "cale

the number 158 in variable v2". The statement "eale

$$ radius and y unchanged

-

"v2 ¢=:15¢" means "perform a calculatién to put .

v2 &v2+v1™ meangs

"calculato the sum of the numbers pregently held in variables v2. and v1, and

put the regsult in variable v2"o In the present case

this operation will

store the number 258 (158+188) in variable v2 for use in the pecond

"do hélfcirc". Note that the second

prod&ge thig plcture. .
0 * t . a

halfeire" will use the .
original values of v1 and v3, which have ndt been changed.

This unit will

’

Q%
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The <F symbol is calléd the "aseignment"’symbol, because ‘it assigns
,» a numerical value to the'variable on its, left. This numerical value is

3 - obtained by evaluating the expression to the right.of the assignment

symbol. ﬂ . : o AN
’ ' . Lo ta A . ) ’ ")
A slightly more complicated ekample of a ~calc- statement is 9 ‘
. [y A - . " . ¢
) a . . ) .
“ calc v3<=5v2+vi . , . e
. o i i } . / L3

which ineans "multiply by 5 the number currently held in v2, add this to the e
number held in v1, and store the result in v3." . In conversation yah might

read thlsvas. calc v3 assigried five v2 plus v1" or “calc v3 becomes tive v2,

plus v1". Notice that it is common ‘practice to refer simply to|"v2" when .

we really mean Mthe number currently held in vatlable va", , :

|
b / : f

,pf7 The slmplest p0551ble -calc~ statement merely ass1gns aunuﬁBEr.to a »°
. %arlable, as in "calc. * v2<=15g" . It 1s permissible to make relthan one | .
. ;,’ assignment in a -calc—: o '; -
Cl . : g L 2' o - S 3 ¢ o
SR ~ calc ., V3G=V7£F18.6 - ) : ‘ . ' S a
“y This will gssign the value :18.62, to both variables {3 and v7. \_2‘
*Giving names to variables: ‘-define- o ' y
: L) N . - . “

N . Your programming can beimade much more readable by "defining"® suitable .
names for the student variables which you use. For example, in tHe units . <.
just d;ﬁcussed,*the ‘quantities -of interest were the radius and center (x and |
ys of the c1rcular arc. We should precede such units with a ~define- state- g
ment’: K .

‘ S
) 1:3;5def1ne ‘radius=v1 . $$ names maf?be 7 characters long /
. X=v2,y=v3 - . B B
unit vary , . ‘ L T = /
* calc radius<=1gg - - ’
L . X158 - $$ The command name. -calc A
- e " . y<=389 ! ' $$ may be omitted on succe551ve lines
. - do halfcird .- :
: % ‘cale ° x<=x+radius K .
do halfcirc '
- - . k= . -
T . unit halfcirc v
circle radius,x,y,d,188 - ;
5 ‘ draw x-radius,y;x+radius,y S .~
The ~define- statement tells TUTOR how to 1nterpret the defined names
when they are encountered later in expressions. The unlts are noy much moyre T ,J
readable than they were when we used v1, v2 and v3. o
- » »*
. ’ . * ) ) t
LY , \ .". A 8 .
O - ) .

ERIC - . RS | - ‘

.
-
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G1v1ng meanlngful names to the varlabHes you use is very important'
After an absence of  several moriths you yo rself would have difficulty in
remembering what you are. keeplng in, ‘say, jarlable v26, whereas the name
"tries" would remifid you ipmediately that this holds a count of the humber: . -
of times the student has tried to answer the question. The 1mportance of
readability is even more vital if a colleague is working with ‘you on the
materifl.’ He would find it extremely frustratlng to try to figure out what
you, are keeping in v26.- So, . . ,{

. » © USE*~DEFINE-!
. . A -

There should not be any v3's or v26's anywhere in your lesson except
in the =define~ statement itself. Put all your deflnltlons at the, very - R
: beglnnlng of the "lesson where you will have ready reference to wh1ch variables
you are using. . : $r

[

‘ The only reason’we started out using the primitive v-names was to give
a more concrete feeling for the meaning of a studdnt variable. From here on
we w111 use<§§f1ned variable names. A preceding ~define-~ statement is -
assu@ed. Y ) : : : S

: . - . . Y
" WARNING: Normal algebraic notation permits expressions such as 8
M"rcosf", but in TUTOR you must write -"rXcos(0)" or "r(cos(B))"
That is, you must use an expllclt multiplication sign between names
- (either your defined names such as "r" or TUTOR-defined names such //ﬁ"r\\\
as "cos"), and you must place parentheses around the arguments of
"+ functions - the "8" in cos(8). .
The reason for this is’that TUTOR cannot cope with the aﬁhiguities of trying -
“to decide whether an expression such as "abc" means "aXbc" (if there is a
name "bc"), or "abxc" (if there is a name "ab"), etc.” Later,”when we discuss- -
the important topic of judging- student responses, we will see that TUTOR can
make reasonable guesses. wgen treating a student's algebraic response and
can permit the student the luxury of leaving out m 1t1p11cat10n signs and
omlttlng parentheses around function arguments. But you, the author, are
requrred to be more egpllclt in separating one.name from another. Notice
that "T7ang1e" is fine’ - TUTOR will recognize this as meaning "17xangle".

But "rangle" can't be pulled apart 1nto “(r)(angle)" because .you might .
- have meant "(ran)(gle)" _ " * -
. .
. D
L] B -
4.‘ .
F. hd ]
® i, ,]’*" ) ‘
"
4
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the iterativé -do-

RepeZQéa operations:

With very llttle effort we can make other pretty desmgns out of our

unif "halfcirc".. For’ ‘example: . . , '
. / . 2 . _ -
g R o unlt - stack . -
R : ’ r calc X<4=256 -
: Y . ., Padiuseup
- do .halfﬁlrc,y<F1ﬂﬂ 38%,7ﬂ
i . - =~ ; I ? at - .312
‘ o ' write We used an.
‘ . » . iterative -do-. .
7 T |
' " . .
9 ", . o '

The effect of the

-"ﬁaifcirc", then set y

of 7ﬂ) and do halfcirg

3sg.
N a

‘

=do- statément is to set y to 18f and do unit . °

to 178 . (the starting value of 18§ plus an increment
again, and repeat, until y reaches the final value of

'The format of the extremely useful iterative -dgg?statement is

_ increments of 74.

wide:

‘do un1tname,1ndex<=start,end,1ncrem3pt
In the above example, the index. "y" starts at’ 14 and goes to 38¢ in .
If no increment is specified, an increment of one is
halfc1rc, radius<=141,185" w1ll make an arc. five dots

assumed: "do

-

(Greatly enlérged.)

"

‘2

Y
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The iteratiye -do- statement also helps in making animations. The
following statements will‘cause the(half-c1rc1e to move horlzontally across

the screen: i . .
N unit march’ . T : 1
at 3128 - . : ,
' write Move figure left to rlght.‘ ‘ ) '
‘calc y 4=288" ’ : .
o - radius<=75 . '
: ' do anim,x <188,358,58 ..
o do halfcirc, . $$ draw final figure
at 3228 . i o, ' . /
write = All done. .. , L ¥ ’
* o ' | ° . v
unit ' anim , N
do . halfcirc $$ draw figure \\\}
catchup, Y. $$ wait for it ¥ish
. pause 1 i ‘ ' $$ pause an additilonal second
g mode erase v S - A\
do halfcirc , . ) $8 q;ase‘the figure =~ .
mode write ’ ' C
. ) - .

AN

AN |

Rove figure faft te right. ’ Heve Higure Toft te right.
ALl saee,

Y

a ME

. We simply -do- unit "anim" repeatedly for different values of x,
the horizontal position of the figure on the scxeen. Unit "anjim" does
unit "halfcirc" twice, once to draw andtoncebtb erase the figure interruptéd * -

by a one-second pause. The -catchup- cdmmand insures that a second will «
elapse from the end of drawing. the flgurejpn the screen until thé beglnnlng s
of erasing it. . P

Now that you have studied -define-, -calc=-, and -do-, .you have learned
" the basic techniques of how to tell PLATO what calculations you want performed.
We have applied these tools to a variety of display generation problems,
and later we will use calculations for controlling sequencing -in a lesson
and for judging responses. Also, you have perhaps gained added insight into
the value of a subroutlne- look at how many differernt ways we have used that

* single unit "halfcirc™!
-

S 4l
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Showing the value of. a variable

-

. - 4 .
We have learned how to- calculate and how to store results in variables.
How do we show these rejylts on the screen? Ff we perform:
”~ A3 .

calc y4=55qrt(37) : // J

14 s /

(where "sqrt (37)" means "the square,root of 37") how do we later show the
value of y? Assume we have defined y. Perhaps we could use this:

write y

No, that won't work; that will just put the letter "y" on the screen. The
-write~ command is basically a device fdr displaying non-varying text, not
for showing the value contained in a vaziable. We need another command:

. N x
show y . ) -/2/[
. * - . LY

This will show the value of y in an appropriate format /(-show~- picks an
appropriate number of 51gn1f1cant figures and will use a scientific format
such "as 6. 7X1ﬂ13 if the number is large enough to fequire it). By using
#show- instead of ~write-, you tell TUTOR that you want the stored value
to be shown rather than just the characters in the tag. _

1]
L4

The -show- co nd will normally choose 4 significant figures, so
that a typical dlsqlay might be "~23.47". You can specify a different
value by giving a second "argument" (arguments are the individual‘pieces of
the tag of a statelent) - :

@

show »8 .$$ 8 significant figures'

The arguments of the -show- can, .of course, be complicated expressions:
' “
~ L}

show 19+3fcos (2angle) , format+2

In fact, it is a general rule that you can use compllcated expressions any-
where in TUTOR statements: for example, "draw 5rad+225 34L; 123--L2 28L"1
4 , .
Here is a short program which uses =show- to display a table of square
roots of the integers from 1 to 15: <

-

N=v1

318 ' $$ write titles for the two columns
N L |

325
172

root,N<&1,15

root
118+180N
N

425+14808N
sqrt (N)

OO NP A W
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3

The last statement could also be wxitten as "show N1/2w, This

technique of making tabieg, including the use of the -do- index (N) to v 8
position the displays (as in "at 425+1@g4N") is impo¥tant and powerful N
- tool. : , : .o ' ’

\
*

There are other commands for d}splayingivdriables: ~showe~ (exponential),
-showt~ (tabular), -showa- (alphanumeric)), -showo~ (0ctal),.qnd -showz- (show
trailing zeroes). These are described ih detail in reference material :
mentioned in Appendix A. N _ ' -//

7

o

, Although ~write- is basically designed for non-variable text, combination
of text and variables occur so often that TUTOR makes it easy to "embed"
a -show- command within a -write-:
1
write The area was <s,13.7w|6)P squédre miles.

4

. . .
The embedded "s" indicates a —show- command and the remainder "13.7w,6"

is its tag. Other permissible abbreviatibns include "o" Xshowo), "a",
(showa), "e" (showe), "t" (showt) and "z"| (showz). The above —writF7 state~
menﬁ/is equivalent to ' : )

4 -
/ write The area was :
show - 13.7y;6

write square miles.

PaSsing arguments to subroutines

When you write "show 13.7w,6", you dre passing two pieces of information
to the -show- command. You are givihg two nimerical "arguments" (13.7w and 6)
- to the TUTOR machinery that performs the -shbw- operations. Similarly, we
created a half-circular arc with "circle radius,x,y,#,188" in which we passed
five arguments to the TUTOR circle-making machinery. Sometimes certain
arguments are optional: "show 13.7w" will| use a default second argument
of 4 (significant figures), and omitting the last two arguments in a ~circlex
eommand ("circle radius,x,y") will cause a full circle to be drawn rather
than an arc. When we pass one argument to thg =~at- command ("at 1215"),
we mean course grid; when we pass two arguments ("at 125,375"), we'meaL
fipe grid. v *

This notion of passing arguments to TUTOR \commands, with some arguments
optional, also applies to your own subroutines,| such as unit "halfcirc". The
Jhalfcirc" subroutine needs three arguments (raflius, x, and y) to do its job, -

\
v

e,

R
G
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We paesed these arguments by assigning values to variables and letting

"halfcirc" pick up those yalues and use fgem: ‘ »
- : define radius=v1,x=v2,y=v]3 : :fv
* unit vary . .
- calc radiug'¢=1g@ . ¥
K x<=150 ' ' ‘o
y =388
. do halfcirc o
o calc radius<=5¢ - :
do halfcirc '/
* /
unit  halfcirc |/ s .
circle radius,x,y,f,184 .
*  draw x-radius,y;x+radius,y . .
.. Notice that the second -do- will use the original "x" and "y", since these ~
." " variables have not been changed., Et is gs though we passed only one argu- J
Jneng ("radius") to the subroutine. r L. ‘ L ) @

! TUTOR permits another way of writing this sequence which looks Similar

‘to the ,{ay -one passes arguments to the "built=-in subroutines"” (-shpw

-Circle-

define
unit

/TEF’

unit
é .
circle

‘draw
o

. "db
the "halfcirc"
. . ~order listed:

do

The statement ™unit
- is done as a subroutine, arguments are to be passed to it.

-at=, etci): . v

radius=v1,x=v2,y=v3

vary o
halfcirc(194,158,308)
halfgirc(54)

. . ” o .
halfcirc(radius,x,y) .
radius,x,y,#, 180 ’ .
x~-radius,y;x+radius,y

‘ -
x,y)" tells TUTOR that when this unit
The statement

halfcirc (radius,

-

halfcirc (188,158,388)" tells TUTOR to pass the listed arguments to ~
subroutine for its use.

The arguments are passed in the

. 1]

halfcirc (188,158, 388)
K 3
2 »

. . . Ky

; ) R
(pass 3 arguments) -, -

Kl

halfcirc(radjus,®,y)

v ' “

47
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is precisely as
"y" by using -calc-. If

4

These variables are now set for qse_in the subroutin
though we had assigned values to "radius", "x", an
some arguments are omitted, these are not transferrge

do halfcirc(5¢8) ‘o

‘ L . " (pass 1 argument)
unit ,hélfcirc(radiusﬂx,y)

In this case the variables "x" and "y" have not'bqén assigned new values, =
so they retain the values they had. (These values are 15¢ and 3¢¢, but they
could be different if there were, ~calc~ statements in "halfocirc". For
ekample, if we append "calc x<=75" to the end of unit "halfcirc", "x"
would naw be 75, although it was 15ﬂ during the making ®f the first dlsplay,

.hav1ng been passed this value by the flrst ~do~-,)

A\

-
Arguments to be passed need not be simple numbers. Each argument can s
be a compllcated’expreSSLOn.' The expressions are evalyated, then passed in )/

" orderr . p

- * .

/. do *halfcirc (3.4radius-25,radius+25y, 20g+y)
K ’

. . . I

. unit halfcirc(radius,X,y)

It is as though we had written .

' calc arg1¢=3.4radius—25
arg2 ¢=radius+25y , _ -
arg3 &2gg+y : : _ -
radiys d=argi

' © x<rarg?2
. ydiarg3

. _ e

Just as the =-at- command handles its arguments differently depenainy uu
the number of arguments (one for coarse grid and two for 'fine ¢tid),,so it '’

'15 possible for your subroutines to do such things. There is a \TUTOR-defined

"system variable" named "args" which always contains the number of arguments
passed the last time a subroutine was done. By "system variable" we mean
a variable separate from the student variables (v1 through v158) whose
conteﬂts,are assigned by TUTOR rather than bysyou. You do not define system

‘varlables‘.they are already defined faF you. +(Indeed, if you say -

"define args=v3",.you will overrlde TUTOR's definition of the meaning of
"args", go that "args" will mean "v3" rather than "the number of arguments .

passed to a subF ine ") 1In chapter VI (Conditional Commands) you will

see how you cégzgugB\dlfferent things in a subroutine conditional on the

value of "args", similar to the klnd of thing the -at~ command does.

. 43 .
f
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Our subroutine "halfcirc" uses three student variables: vi, v2, and v3, T e
defined as "radEZs"; "y and "y". -Another subroutine could use the game
variables, for cakrying out its work, but it must be kept in mind that =-do-ing
. this subroutine will affect‘v1! v2, and v3, since argumgsts will be passed. &

A

Suppose_  one subroutine uses another, with "negted" ~do-s like thisg:

.- -, . A -k

. * v )

do A(s) $$ v11¢5 | /

L s | L .

unit  A(v11) - . , .
. do B(3+v11) e S

"calc v11<=18v11 $$ v11<=5g

. B / ' P * )

. . PASS )

« @

»  unit B (v25) / $$ v25<¢=8

. /
V@yiable v11 ends up with the value 58. It is advisable to use different
variables in the two subroutines. Here unit A uses v11-and unit B uses~
v25. It can lead to confusion or even logicalyerrors if B also uses v11 to'
do its work; since -@o-ing B will affect the value of v11 used by A. Here
is the strugture to be avoided: / ’ ‘

do A{s5) . 8 $$ v11<=5

. : lpAss ) R ,

unit  A{v11)

“B(3%v11)
calc v11<=1gy11 $$ v11<=84
: o PASS - ..
unit B(v11) $§ v1v<=8

Now variable v11 ends up with the value 8 rather than 5@. This is due to the
effect on v11 of the "do B(3+v11)" statement, which assigns the value of
8 to'v11 by passing the argument. .

save. results, use them to make displays, and show the values.---In the next
‘gection we will use calculations in association with ¥ding the sequencing
of a lesson.

This concludes our discussion of* calculations for nzw. We can calculate,




q

v -1
-

v

V. Sequencing of unit$ within a lesson .

We have ditcussed many units which make different kinds of displays.

In gome ¢ag
-do-.

one’ by pressing NEXT.

» the main units had other units attached to them by means of
Upon completion of & main unit, the student can proceed to the next
A Ygreater variety of inter-unit connections is needed

to build a complete lesson which includes optional® help sequences, branches
to remedial sections when the student is havipg trouble, an index that gives

the student some control over the order of presentation, etc.

§n this gsection

we will discuss in more detail how to build rich interconnections into a

in chapter I.

\

-

‘

* lesson. * This discussion builds on the introduction to such matters presgented

It is often desir@ble to skip over some units, particularly if they are

used as

subroutines, not as main presentation units.

Wefhave seen that this

can be done by using a,-next< command to name the main unit which is to

follow:
"\
unit
next
: do
at
write’
L%
unit
calc
“do
*
unit
at,
o write

v .

one

two

dispone

1515

This is unia one.

disponek_
radius <= (x d=y &=288)-58
halfcirc

two

412

This is un}t two.
[

™his (e wnld ene

°

e 1o Wit .
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“hunt for this.crucial information. You put such unit information at the

When TUTOR begins "executing" the’ stateimepts in unite"ome", it starts out

assuming that the next physical unit, unik "dispone", %ill be the' next .

main unit. Howevér, TUTOR encounters a "next two" statement whioch says,

"No, make a note that unit "two" will ‘be next, rather than. the next-phy81cal

unit". The, "do dispone” is then executed, which involves drawing a

figure. Pinally, we write "This is unit one", which is at the end- of unit

"one". Nothing more yill happen until the student presgses the NEXT key, “

/at which time TUTOR looks at itg notes and flnds that unit "two" comes next,

whereupon ity eragses the screen and starts executing unit "two". “Had we

not inserted the =-next~ command, TUTOR would have gone on to unit‘"di&pone"

by default. - 4 .7

. T

To put it another way, TUTOR hat a pointer which tellgs 7which main unit

should come next. At the beglnnlng oY a main unit TUTOR pla&es zero in thie

pointer to 1nd1cate that the next physical unit should be next. If no i. R

-next- command is €ncountered , we reach the end of the unit with the pointer E

5till zero, and, when the gtudent presses NEXT, TUTOR will by default 3.,

proceed to the newﬁ phygical unit. On the other hand, if we encounter a.o.,

-next~ command anywhere in the unit, it will alter thig_pointer so that &‘

later, when the student pregses NEXT, ‘the pointer ig non-zero and i p01nting

to whatevef unit we have gpecified. . .

a¥ Y ’
Itushould be clear from thlS dLscuseion that the -next-~ command can ° '

be e}ecuted anywhere in the unit without changing its effect. Nevertheless,

1t 1e'1mEortant to place the =-next- ébmmand near the beginning of the unit. .,

The advantage is that you “can then see at a glance what i5 the main sequence

flow. If the -next- command is buried far down in the unit, you have to

A\

beginning of a unit  for the same reason that you define abpropriate nameg for
the variables you uge: you or a colleague may have to read throegh the
lesson months after it was written! . )

'
&8
!

Here is another example which ma'"lllumlnate the manner in which the o
-next- p01nter is handled: . ‘

[ »
unit. 5illy '
next A ’ s D °
next B . ,
next = C B
* ' .
unit = gillier ) R 4 ) ' C, ‘ o
well, what unit will be next? Angwer: unit "C"! The pointer starts out
cleared to zero (which melies the next physical unit), then gets set to
"A", then to "B" and finally to "C". ! Each mucceeding -next- command ovér-
writeg what had previougly ‘been in the, pointer. ’, 4 o N



~ . _ . .
i:“' o L. ~
4 ~ e *
: . v -3
- It is also possible to clear the next poxnter yourself by -next~ with
‘ no tag or "next q" ("q" for "quit spec1f§1ng something”). Either of these
forms will clear the next poxnter so that the next physical unit w111 come
s - next.  In other. words, the sequence
¢
: .unit"' start ,
' next silly
. next q $$ or just "next” with no tag
” .': . " . )
- unit again :
. : .
. ‘will proceed from-unit "start" to unit "again" because the *next q" cancels
- the "next 8illy". Such seemingly meaningless manipulations are ‘mentioned

"unit ' g" io not a permitted statement:
unit "g" because the possible confusion.
later that a unit cannot be named "x".

here for completeness and as aids to explaining how TUTOR handles a, unit
pointer guch as that agsociated with the -next- command. Later tbese’mani-

3 pulations will make more senge.’ The important’ point is that you the complete
control over the pointer. You can get it or clear it with an appropriate

-next- command. Cféaaéﬁg
+ The existence of "next g" (and related statementg) means that
you are not allowed to name a
For similar reasons we will gee

[

“
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Another use of p01nters is ‘in. spec1fy1ng\optlonal "help" sequences whlch\

‘the studept can request by pressing’ the.HELP key.

Such optlonal sequences

are lmportant tools in making the lesson catér to the needs of individual

students of diverse backgrounds™qnd abilities.

Her€ is an example: 4

, .

o

.
s

unit dipber : i -~ \
<:}:=help words $S spegcify a‘help unit
1215 ,
write Today we will discuss Ursa Major ‘
*
) unit dippy .
, sz::help words. $$ specify a help unit °
at 2213 ‘
write Ursa Ma}pr is in the northern sky.
unit words
at - 1525
write Ursa Major is the Latin name for the,
congtellation which containg
R the "Big Dipper". .
(Pregs «NEXT for more help,
or Press BACK,)
*
unit  words2 .
at 1525 .
write "Ursa" means "bear"
’ ; "Major" means "bJ,gger".'M Y
en? ‘ » .
; . N ‘
. [
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.c [ - q LAY ! ¥ .
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The ~help- command is used to specify a "help" unit,.which may be just *
the first unit in a long help sequence. If you provide help this way, ‘the )
stude t can get it by pressing the HELP key.' (Conversely, if there is no . 1
—help— command, the HELP Key has no effect) When the student enters the
help sequence, his screen is erased to clear the. way 'for the display generated
by the first help unit. "The student may at any tima press BACK or shift=-BACK
to return to. "home” base", the main unit’he was in when'he requested help., A

*"bage" pointQr, retains the name of’the "base unit" -- the unft to return to. , - =
In the cxample, if you presg HELP in the base unit “dlppy", TUTOR remembers

"dippy" and jumps to "words", from where the BACK key will take you back to

"dippy?. If instead you press NEXT, you advance to "words2", where'again

. you can presg BACK or shift~BACK to return to "dlppy" - Prom "words2"

you will algso return to "dippy" upon pressing NEXT because the -end- command

in unit "words2" signals the end of the help sequence., :

It is almost as though«the student had two screeng he can look at! He
starts the lesspn in the first ¥nit a normal, non-help sequence and
advances in this sequence until he r ests help, at which point he turns
his attention to a different, parall sequence of unitg;, almogst as though
he turned to use another termipal heffde him. HRe can get back to the . °
original gsoquence by pressing BACK, most as though ‘he turned back to the ‘
terminal in front of him. The usefulfbss of such a parallel sfquence i ndt
limitéd to help sequences but can bg Uged to provide review, a dogk cal-
cqlator mode,-a dictionary of terms, tables of data, etc., or for any gituation
in which the gtudent temporarily needo a gecand terminal "off to the spide”.
' s
It is pogsible to access yet anothor help oequenco when you are already
in- q help sequence, but BACK will return you to the original base unit. not
the help unit you wore in when you requested the second holp ooquon . « Thic
is due to the fact that there is only one bagse pointer, which ig not changed
by the second help request. If there ig alrecady a bagse unit gpeeificatien, .
TUTOR dpes not alter it.s ) LT
» / ) ) S
. You cazjalter the base unit pointer yourself with a -base~ command. *
you put a -base- command with no tag in unjit "words" you will provent a’
roturn to "dipper" or "dippy". The —ggggl}gemmand with no tag or a "base q"
statement clears the bage pointer so1 TUTOR forgots there was any plaee N
to roturn to and thinks that you are not in a help sequence. (Ydu ohould
notico that the -ond- command in unit "words2" is now ignored; the" -end=
command has no cffeet in a non-help cGequence.) Th# -bago=- (blank or."q" .
tag) is used quite often,s for it is frequently ceoinlvoniont to put tho studont’
inte a non~help sequenece cven though he roached a eertain poeint, by pregging
HELP. 9TUTOR automatically cleaxrs theo babe pointer whenover tho otudont
reaches the corresponding baso unit, by whatover meang. \

You can.change tho base pointotr to point to gome unit other than the !
original onc. Imagino that we plaee in unit "wordsg" tho statement \

. base . digpono ) y -
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. . attached

This means TUTOR will eventually return to "dlspone" rather_ than "dlpper“

or "dlppy This is occasionally a useful technique. For example, you

might like to return to a tnit just ahead of the original one in order ‘to
ease back into the orlglnal contéx?. Notlce, too, that while -base- with - .
¢no tag (or "q"). can changé a help sequence into agnon-help sequence, so
"base unltname" can change a non-help sequence into a help sequence by
namlng a unit to return.to.fﬂ o o : , .

. You ﬁrobably will not need all of the features of ~help=~, -base-;-and
-end--descrlbed abgve, but hopefully the dlscuSS}on has clarified how, they
do their work. We -have also plcked up some terms which will be quite useful -
in later dlscus51ons. we can now talk about "non-help sequences“,of "main
‘units" and "help sequences" of "main units". It should also be p01nted out
that a base unlt may have other (auxilia¥y) units attached to it by ~do-;
and, of course, we return to the base unit itself, not to one of these
attached units, even if the ~help-, command 1s’located in an attached unit.
More generally, a lesson may be thought of as a collectiofi of main units
which have attaqhed units, and the studentt moyes from one main’ unlt to -
another. He may enter a help sequence of main units, each of whlch may
—~do~ attached units. While he is in the help sequence, TUTOR remembers
»which main unit is the "base" unit to yeturn to when -end— 1s-encountered
or when BACK or shlft-BACK 1s pressed. .

R Y

%

. - t 1
START (op 1ona )

) main |. [Gttached V- ' )
‘ . : \NEXT -

HELP ——&{ main ng ‘
n‘1a1n

. . . . - ' main »
. XT . . "
. end .
o . A attached ] {‘l’ ” R o J’y,
¥ . . ) > . :f‘: .
. : " main |¢ Return tq |~ e H
base unit | - L :

attached | -

main \\LJE‘)% [ f -
B main T

. X — . -
You may have realized that ~help- and ~base- are qulte similar to -next— >
in that all three commands set, p01nters (which have dlfferent uses, however).

In partlcular, if we say'. h

~
~ - Y

unit lotshelp , . *
~  help a . ’ '
- help .b
help c b v
-1

914
od
5

-
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may study'for?mahylminu es before returning to the base unit. Asiderf;im
t

for ‘help,

then the last one wins.-- the help p01?ter ends up pointing at unit "c". -,
We saw earlier that -next— works this way. Similarly, "hélp q" or ~help-~
with na tag w1ll clear the help p01nter, thug making the HELP key 1noper‘F1Ve.

You may- find it he;pful to think of a help sequence as a "slow" sukroutine.
Whereas a -do- command takes us to a unit amd right back again, ~help- makes
p0551ble an optional jump to a unit.or to a sequerice of units where the student

the "slowness" and the |necessity of pressing keys to go and return, re is

- one fundamental/differejice from a -do~- situation: we return from he p to,

the beginning of the bage unit ang re-execute the stateméhts in the unit to
restore the orlglnal display, whereas the return from.a -do— is to the state- .
ment foll dlng the -dod.

This lpst point is sufficiently important to warrant an example:
initjal : : - ‘ oy
2513 ~ T '
Set "a"’
as=g

, -
reﬂ%at

+trivial \

o

2715
. Incremené\" " to '<s adeat1p . )

. S - . ,
trivial . \ /
312 » ' . ®
Press NEXT BACK. ) :

< i . ’
. / y - [ 2
(Of course, must be define If while in unit "repeat" we repeatedly
press, HELP, then BACK, we will lpepeatedly increment variable "a"; 1t

increases‘by

are re-exepu\ed. This is necesg ary to restore to, the screen the dlsplay
associ;épg th unit "repeat",
HELP a /F . keys are pressed

1

" This e

o "1n1t1al'

of \times th
put\the "a<

dér to:count something (requests
, it ;i necessary to "initialize"

c1
(5]




B . 4 .
. Vv -28
<" 7 the counting variable to zero before starting the process, and this initial- ~_-"
ization must precede and he outside the process itself. This'can perhaps ’é ‘Q
besﬂ;gé seen by moving the statement "calc a<Fﬂ" from unit Minitial"- to . -
‘. the beginning of unit "repeat": A ) .
- ' . / ,
o . unit = repeat : . !
A ' _ “help trivial : c . . T
o ' qalc a<=g - _ . ‘ ‘
L a at 2715 : _ B
- write Increment "a" to s,a<~a+1p . . : T
¢/ - ’ - ‘
¢

oo Y o
Imagine pressing HELP (and BACK) repeatedly. Now there will never be a
change in the dlsplaygauvalue of "a", because on each return from the help . T
unit "a" is again reset to zero, whereas previously that was done only with-
in unit "1n1t1al"
N . . . o .
We will encountér the questlon of 'nltlallzatlon again and again-in

various guises. ‘'We did not mention thege matters earlier partly because

" the (terative -do- command had the initfalizatiop built-in:

. -

% . do zonk,i<=5,13

°
1et s

! then repeat by incrementing 'i

means "initialize 'i' to 5 and do 'zonk',
by one until it reaches 13".

Let us, hasten to say that initialization unstions are, of course, not .
unique to programming. The principal and interest due monthly on your car
or house loan depend on the initial conditions of the loan. When you make
- fudge, you start with certain ingredients in the mixing bowl (the initial
condition) and then you beat the mixture 2@¢ times. You would no more .
- restart w1th’new1 w, unmixed ingredients after each beating stroke than you,
would reinitialize a count of student errors after each attempt. In other.
words, questions of initialization are mainly questions of common sense, and
we will make ‘explicit comments about thése matters only where confusion is
likely. In the case of a return from a help sequence, you might have. thought -
M . that TUTOR remembers the entire display originally made by the base unit, but,
as we have seen, it must re-create the display by re-executing the commands

~in the base unit, which. has side e%ﬁects related to initialization, questions.
- . ‘ . « < . » . .




It wpuld be superfluous to show the student' a blank' Screen and to make the
student press NEXT. Indeed, it should be a basic rule to minimize

‘Now let's move the "calc ad=g" back to unit “initial" and modify -
the unit to look llke ‘this: ) ' : '

.- -

dnit  initial _ ’ -

calc ad=g o , . - . Y
jump, repeat $$ do not wait for the NEXT key .
* : . .

The ~jump~ command acts much like the student pressing NEXT: the ‘screen
is erased and we move to a new main unit. The =jump- command is particularly
useful in association with initializatiens, as in this ekample, where it is
necessary to separate initializations from a process in a different unit.

unnecessary keypresses so as not to frustrate the student. Notice that
~jump- is immediate (like -=do~ and unlike the -next- or :Relp— commands)
and that statements that follow ~jump- in a unit will ‘not be executed-
(unlike -do~, -next~, and ~help-).

The base pointer is not affected by a -jump-: ~it remains zero if
we are not in a help sequence, and’ 1t retains its base unit specification .

"if we are in a help sequence. The “jump- simply takes us from one new

-sequence immediately without his pressing, HELP:

ERIC
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main unit to another without having to press NEXT. Since it starts a new
main unit, a ~jump-~ cancels any ~do-s which have"been encountered;’ there
will be no return from those -do-s.
N 3

When moving from one main unit to another, by -jump~ or by pressing
NEXT, the entire screen is. erasad unless ‘the first of ‘these two main units

contains an "1nh1b1t erase" statement.

Since —jumg\ takes the studeht from one main unit to anqther without
altering the ‘base pointer, it is possible to take a student to a help

*

.
unit model

[P

'1 R base _model ‘ ‘
jump moThelp A

<

y
- 1

Initially, the base pointer is zero because we are in a non-help sequence. - °
Then a ~base~ command is used- to.set the base pointer to unit "model" (the

main unit we are presently in).°" The ~jump~ takes us to unit "modhelﬁ" Now

we are in a help sequence hecause the base pointer has been set. The return

from the help sequence will be to the beginning of unit "model". Note the

difference between "base model" and "base g" in unit "model": a
"base q" statement would clear the already-cleared base pointer, whereas
"base model" sets it to "model". .



Summary of sequencing commands ’ .
x : :

You haveg learned many commands which enabie you to control the sequencing,
of units in a lesson. These include commands which set pointers {Znext-,
—help~, -base-, etc.) and a couple of immediate branching commands (-do- and
-~jump4y . You have seen how to have two parallel sequences of main units =--

R a non-help sequence and a help sequence -- and have used the " =~end- command

' to terminate a help sequence. BAdditional aspects of the-connections among
units will be discussed in chapter VI in the section on the -goto- command.
We recall ‘that the LAB, DATA, and BACK keys are activated by -lab-, -data-,
and -baclfe commands, just as the HELP key is activated by the -help- command.
The shifted HELP, LAB, DATA, NEXT, and BACK keys (abbreviated as HELP1, LAB1,
DATA1, NEXT1, and BACK1) are activated by the commands -help1-, -labil-,
~datal-, -nextl-, and -backl-. (When in a help sequence the BACK or BACK1
keys will cause a re;ﬁrn to the bgse,unit unless there are explicit -back- or
-back1- commafhds toflalter this.) Here is a unit whidh uses many of these
commands : o 4 ' '

unit ‘ central
help uhelp
help1 = index .

lab simulate -
labl , calc
 data data . 3,
datal news ; - . >
. at 1314

write  Press  HELP for assjstance,
. ' shift-HELP for an index,
for slmulatlon,
sh t—LAB for. a calculator,
: DATA. for tables of data,
shift~DATA for class news. .
Thls is an extreme case, but this unit gives the student slx choices of help
sequences, and which help sequence is entered depends on which key the student
presses. In any of these cases:the eventual return will be to this base
unit. The commands ~-next-, nextts, —-back-, and -backl- are somewhat different
in that these do not cause a help sequence to be initiated: pressing the
corresponding key does not alter the base pointer. ’

The same conventions apply to all these commands. In particular, a
blank tag (or "g") disables’ the corresponding key by clearing the associated
pointer. A non-help sequence can be, changed into,a help sequence by specify-
ing a unit to return to with a "base unit" statement. A help sequence becomes
a non-help sequence if we encounter a "base  g" or "basé&" statement, since
these clear the base pointer. ‘

]

. »
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- useful in offering to the:
= Jesson.

. " ) ~
_ - v-11 .
== . . . k i “’ © .
It is important to point out that all the unit pointeriipther than
"base" are cleared when we start a mew main unit (either by *jump- or by

pressing a key such as NEXT, BACK, or HELP).

Notice that -jump- and -do- are basically author-controlled branching
commands, while -help-, -back-, -data-, etc., permit the student to control
the lesson sequence. : ' .
There is another way to enter a help sequence which is particularly
udertt an index to the various parts of the
Suppose the lesson %s organized into chapters or topics and you
wish to let the student choose.his own sequence. In particular, he can
skip ahead, go back, or review material. It is desirable that he-be able
to go to an index or table of contents at any time. One way to provide
access to the index is to put a "data table" statement in every main

4.

unit.
time.

Then the student can hit the DATA key and jump to unit "table" at any
Unit "table" would ®gntain a list of topics for the student to choose |

from, and it should contain a "base" sta;ement to insure that the chosen . |
topic be enteredséas a base sequence. ‘Another Way to provide this kind of
index is by means of .a single -term- command: - |
unit table :
base ) ‘
<:§:>term ~ index |
at . 1218

write Choose a chapter:
a) Introductjion
b) Nouns
c) Pronouns
« d) Vexbs
arrow 1822 N -
answer a T
jump intro " e
answer b ,
jump unoun’
answer cC ‘e )
jump pron
answer d
jump verb

The presence of "term

“ .

index" in the uﬁit "table" makes it possible for the

" command with the same tag in ‘another unlt, for then TUTOR doesn't know which

student at any time to press the TERM key ‘and type "index" to reach unit "table".

(The TERM key is the shifted ANS key on the keyboard.) When he presses TERM, “~
TUTOR| responds by asking him at the bottom of the screen "what term?} whereupon

he would type."index". He then reaches unit "table", where he can choose

a chapter. You can see that -term- is complementary to -help~-: =~help- in

a main unit specifies where to go if HELP is pressed while in that main unit,

whereas the presence of -term- in a unit specifies that the unit can be

entered from anywhere in the lesson. It is an error to put another -term-

unit to enter.
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The name -term- stems from an garly use of this kind of facility to g
provide access to a dictionary of "terms" -- special vocabulary used in a
lesson. In such an application there are as many help units as there are
terms to be defined, and each unit has an appropriate —-term- command: -
unit cardinfo
term cardiac . ,
at 1987 - L A °
write "cardiac" means "pertaining to the heart".
\ end
Except for situations of this kind, it is strongly recommended that you '
limit yourself to having only one unit with,a -term— in it, and its tag be
"index".- This greatly, simplifies the instructions to the student on how
to use the lesson and reduces to a minimum what he must remember in order .
to move around in the lesson. In'the index unit you describe the' various
options that are available. Even for providing a dictionary of terms, thig
scheme -is probably preferable -- one of the options could be "dictionary of )
terms", which in turn would show a list of the yords whose definitions are
available’ '
It is possible to havy additional -term- commands in the unit to provide
synonyms: s ’ s
unit table ////'
base ° . ‘ ‘ L ,
term index
term contents
term choice " .
at 1218 / N
write Choose a topic...
These additions insure that the student will reach this unit by TE§M-index,
_or TERM—coqtenti, or TERM-chgice.
The -imain- command - , : °

An alternative to "TERM-index" is to tell the student to press a key
such as LAB to reach an index page. If this index is in unit "table",
you must then put the statement "lab table" in every main unit, since

N

-

61
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all unit pointers are cleared when a new main unit is entered. A better
way to do this is to use an ~imain- command which spgcifies a unit to be

done initially in every main unit: A
A - tit 9
o i ' i
. - R
unit a , unit a
. do setit
. Is .
i b unit b
, unit FQUIVALENT | o Cetit
* TO ST
nunit c unit c
o . . do setit.
, unit setit' , . unit setit
. lab table lab table
p .

The ~imain- command names unit "setit" to be done at the beginning, of every

main unit.

°

You can specify all kinds of initializations to be performed in each

main unit.

For example, you might advertiga the LAB key with this display
at the bottom of the screen:

'

[Press LAB for an index| ; ®

In this case you would write something like

imain
unit
lab
at
write
draw

setit

D)
~

setit

table » 5

3224 . ' .
Press LAB for index ’
3120;3144;3244;322p9; 3128

4

Now the display will ?ppear with each main unit, .and the LAB key will be

" actlivated.

¥

™
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.l o The -imain- command sets a pointer, just as the -help- and” -base- .
o commands do. You can change the associated ufit by executing’ another ‘
~imain- command:
\ imain setit
| : ~ :
. imain  other’ o
You cary’stop having an imain-associated unit done by using "imain q"
or "imidin" (blank tag) to clear the -imain- pointer.
- . ¢
While any key may be used to access an index, many authors have agreed /

to use shift-DATA, in order to provide some unlformlty f;om one 1esson to )

another. This reduces the number of new conventions a student must learn
when studying new material. B

-

There is a similar -iarrow- cofmand which can be used to specify a

unit to be performed every time a student enters a response. If the ~iarrow-

command is itself located in the -imaim- unit, all -arrow-s will be affected.

ERIC
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VI. Conqﬂlional‘COmmaﬁas

w
v

It is important to be able to specify the sequencing of a lesson
conditionally. We would like to jump past some material on the condition, o

. that the student has demonstgated mastery of the concept and needs no further
| practice. Or we would like to take the student.to a remedial sequence con-

ditionally, the condition being poor performance on the present topic. Or

which help sequence we offer might be conditional é6n the number of times

help has been requested. All of these examples imply a need for conditional

sequenc1ng or branching statements, where the condition may be spec1f1ed

by calculations involving the status of the student.

- a

The usefulness of conditional branching is hot limited to the sequencing
of major lesson segments, but extends to many calculational or display
situations. For example, we might need to -do- conditionally one of sev- .
eral possible subroutines in the course of presenting a complex display to
tfle student, This chapter will show you how to perform these and similar
nditional operations. .

Here is an example involving a conditional -do- statement:

unit setup . |
calc N<=-1 o ,
jump home B |
* : ‘
unit home i
next home ’ . |
) at 2818 ‘ )
{::?:>do : N,neg,uzero, Oﬂé,utwo , "
©at 1215
’ write N equals <s,NP ‘ } A
) calc N <=N+1 ' .
* _ » .
unit * neg /

write Unit "neg"
* 1

unit uzero .

draw ;218,268;2¢68,;2818

*3 .

unit One L
circleb 2¢4,258,254,8,278

* . .

unit utwo -
write Unit "two".

The new element is the conditional -do- statement in unit "home". If N
is negative, that statement is equivalent to "do neg". If N is
zero, the statement is equivalent to "do uzero", and so on:

ERIC
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do. N, neg,uzero,One,utwo

- Y%

is equivii?pt to . . N .- . -
o " do neg. if N is negative
do uzero Ff N is zero
do One if N ig 1 '
do utwo if is 2 or greater .

Note that unit "utwo"” will come| up repeatedly because it is the last unit
named in the conditional =do- statement. The list of unit names can be up
to 1## long: - . -

N -

e A

do N, neg,uzero,One,utwo,dispone,
zon,zip, figure,ultima

If N is 7 or greater, this statement\ts equivalgnt to "do ultima".

The "conditional expression" (N in this case) can’be anything: it
can be as complicated as "3x - 5 sqrt(N)" and can even involve agsignments
as in "N¢35-x". The value of the expression is rounded to the.nearest

lnteger before choosing a unit from the list of units; and if the rounded
* value is negative, the first unit in the list is chosen. For example,
if the expression is -.4, it rounds to zero, in which case the second unit
in the list is chosen.- ;

In a conditlonal -do-each unit named may involve the passing ‘of
arguments: ’ .

do 3N-4,circ (25,75) ,box (45) ,x,flag,circ (1§,38)
| neg g 1 2 23 -

So far we have encountered the following sequencing commands: -do-,
‘-jump-, -next-, -nextl-, -back-, -backl-, -help-, -helpl-, -}ab=, -labl-,
-nextnow-, -data-, -datal-, and -base-. When the tag of such a command is
just a singleg unit name (e.g., in a statement like "help uhelper"), we
say it is "unconditional". To make a "conditional" statement out of -any of
these, we follow the same rule -- state the conditional expression followed
by a list of unit names. So we might have . )

data g—s,zonk,q,zap,zing,x &
SO o% ®°© e :
0)0)" \(7’ ([;0& OQ L9 &0 ‘ 4
A &
& &
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Here "g" has the same meaning it had in unconditional pointer-associated
statements: the "data" pointer is cleared so that the DATA key is disabled.
This can be used to cancel the effect of an ecarlier -data- command in this
main unit. Remember that all the unit pointers are cleared when we start
a new.main unit.) The qﬁit name "x" has the special meaning "don't do
anything!" 1In the example shown, if the condition (N~S) is three or greater, .
.this -data- command has no effect at all: we "fall through" to the next
statement without affecting the "data" pointer. Similaf;y, if a unit name in
the conditional -do~ dig€ussed above is replaced by "x",:.no unit will be
Aone’ for the corresponding condition: we "fall throughﬂé@o the next state-
ment. - . L
Thic "x" option is extraordinarily useful. Consider the'foirowing
situation:

jump correct~5,x,done
(then show the next item)

If (Gorrect=5) is negative (i.e., the student has made fewer than 5 correct

answers), we "fall through" to the presentation of the next item. If, however,
/ he has. 5 or more correct, the condition (correct=-5) will be zero or greater

and we jump to unit "done".

)

]

Logical expressions

' A

A ,
The last, example can be written in an dlternative form which impﬁ;;§x
the readability:

dy

jump correct<5,x%,done . o

This says "fall through if correct is less than 5, otherwise jump to done".
The condition (correct<5) we call a "logical expression" because it has only
“ two possible values, "true" (-1) or "false" (@Y, whereas numerical expressions °
. can have any numerical value. Since a legical expression can have only two"*
values (-1 if true or @ if false) it is pointlcss to list more than two unit
names after the condition.

Actually, because of rounding, the form "3jump N<5,x,done" i more
precise than the form "jump N~5,x%,done". Suppose that'N is 4.8. Then “
"N<5" is true (-1), which rounds to -1, which implies "¥". But N-5" ig
-#.2, which rounds to zero, which implies "done". Such differences show
up whenever some of the variables need not have integer values.

Here is another example: - '

do c~b,far,near,far -

will do unit "near"™ if c and b differ by no more than £.5, since in that
case "c-b" will lie between -f.5and +@.5, which rounds to zero.
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Op the other hand . o .

do c=?,samc,diff
will do unit "same" only if ¢ and b are equal, not just nearly the same:
The condition "c=b" is true (-1) only if c is precisely equal to b.

There are six basic logical operators: =, #, <, >, s, and 2, which ,
mean equal, not equal, less than, greater than, less than or equal, and
greater than or equal. -"do - a#¥b,diff,same" is equivalent to o M
"do a=h,same,diff". The operators involving equality (=, #, %, and 2)
consider two numbers to‘be equal if they differ by Jess than one part in 1
1ﬂ11 (relative tolerance) aor by an absolute difference of 1ﬂ“9, whichever
is larger. This is done to compensate for mall roundoff errors inherent to
computers due to their very high but not infinite precision. One conseqguence
is that all numbers within 1?’9 of zero are ‘considered equal by these logical
operators. ST :

. [\

You can mix logical expressions with numerical expressions in Yruitfdl

ways:

calc  xc=1gg-25(y>13) “ | .

gives "xa=125" if y is greater than 13 ("y>13" if true ig -1)’or it gives .
"x4=1@@" if y is less than or equal to 13 ("y>13" if false is #). To N

clarify this, csuppose that y is 18 or y is 4: ¢
188-25 (y>13) 188-25 (y>13) ' ) »
188-25(18>13) 188-25(4>13) '
188-25(-1) 188-25(2) .
189+25 o 1gg- () ’ P
125 . 199 . . ‘ :
™

' In thece applications it would be nice if "true" were +1 rather thdn -1,
but the much more common use of logical expressions in conditional branching
commands dictates the choice of -1, since the firot mnit listed ig chosen
if the condition io negative. )
[ ) -
You can combine logical expressions:’ ‘

o [(3<b) Sand$ (B%5)]

is true (-1) only if both condipions (%<b) and (b<5) are true. In other
words, b must lie between 3 and 5 for this expression to have the value -1.
similarly,
(y>x) Sor$ (b=2) . o
will be true if either (y>x) ig true or (b=2) ig true (or both are true). . .

Al
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» ; Finally, you can "invert" the truth of an_expgession:
/:/1 .
— / ‘ not (b=3¢c) N
7 . , . N
*"ig true if (b=3c) is not true. This complete:expression is eqﬂivaleﬁt to *
i "'b;!3c". 2 . _ ) . .
» -
The combining operations $and$, $or$, and '"not" make sensé only when
. used in association with logical expreéssions (which are -1 or fg}. For
ingtance, [b>c $and$ 19] is mehninglqu and. will give unpredictable regultg. ’
+  (If you have done a great deal of programming, you might wonder about :
. gpecial bit manipulations, but there are separate operators for maskinhg,
union, and shift operations, as discusged in chapter IX.)"
' . e
The conditional =write- command (-writec-)
l ’ ‘ '
: P
. A very common gituation ig that of neceding to write one of geveral
_possible messageg on thie sereerf. For example, you might like to pick one
of five congratulatory messages. to write after receiving a correct regponge
from the student: A ‘ ’ . .
‘, R . « ‘
. unit, congrat y . '
~=:>randu N,5 $$ leg TUTOR pick an integer from 1 to 5
3 at 1214 ' .
do N-2,0k1,0k2,0k3,0kd4,0kS
* : ) ) ,
unit ok1 ’
¥ write Good |
* k7 4
unit ok2
write = Excellent! . .
*
/ unit ok3 _ vy
=~ write I'm proad of you, . /
f'; ) p y ’ .
. unit ok4 h
/,\q\ T owrite Hurray!
. <3
7 * .
yd - 5 ‘unit ok5 s . \
/ write  Greatl 0 N .
- * LI . '
N . ‘The -randu- céhmand, "random on a uniform digtribution", tells TUTOR to pick -

- an integer between 1 and 5 and put it in . N. We thefi use this value of N
to do one of five units to write one of five messages.~Jhere ic a much

‘more compact way of writing thig: 4
* ) ‘., ) ' f\ ’
unit congrat ‘ .
\ randu N,5
at 1215 ' .
-y writee N-2,Goodl,Excellent!, . : v .
4 I'm proud of yeu., '
' Hurray!,Greatl!, . -
Y 4 *
. UM /
a
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"tional form of -write-, whereas in-branching statements the commas /separating .

; . . vi-6 /

The -writec- command is similar to that of a conditiénal bran hing command,
but the listed elements are pieces of text rather than unit ngﬁés. Because
-write- can be used to display any kind of, text (including commas) , ¥it. is *
necessary to use a different command name (-writec~} to ihdicat&‘tzF condi-<

the unit names are enough to tell TUTOR that it is a- condltlonal r
uqcendltlonal form. - . - ) v

\ ’ -

h .

You can write whole paragraphs with nice left marglns, just as with the

-write- command{ N 5
writég_ N,,,Good!,Excelient!, AR ‘ﬁd
S .
I'm proud of, 2, .
e you and so v _ : : ,
: . is your mother., : e e -

Hurray! Great

The elements of text are set off by commas. 5 If N 1S 3, the student w1ll
see. a three-llne paragraph, since .there are no gomma’s at the end of "of"
and " if N is -1 or #, no text will be displayed, since. there is no
text between the first few commas. Note that "x" is not the fall-through
that is for a unit/ name in a conditional branchihg command: here "x" is
a legitimate piece of text whlch can be dlsplayed, so the ",," form is
‘the "fall-through" o "

-
- :

If you want commas to ‘appear in some ‘of your text“elements,'youfhaVe
a problem, since the commas delimit elements: '

»
.

writec N,Hello!,How are you, Bill?,Hi there!,

.

If N is zero, we will see "How are you", not "How are you, Bill?" The solutidn

is to use a special character ($):

writec N%Hello!#How are you, Bill?$Hi there!$

A

Now if N=f we will see -"How are you, Bill?". While this special character

(8) is required if text elements contain commas, you may prefer to use it
always, even when, there ‘are no commas. -

The same kinds of embedding of othe 2 mmands permitted by ~write- ;-

are permltted w1th -writec-: . ‘

- ~.writec 2c=b,I have <s,app apples., . ) v

I w111 buy '<s,peachyP' peaches., '

o

The - -wr1tec- is affe%ted by -SLZe- and -rotate— commands, just like —wr1te-

y . . e
. / o T

> L. c

ER Y

\‘
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The conditional ~calc- commands: -calcc- and -calcs-

-

The effects of -writec- can be achieved by a conditional -do- and a
bunch of units containing the text elements, but we have seen that’ this is :
a clumsy way to do it.. We would oftenollke to calculate one of several
things based on a condltlon. This, too, could be done with a condltlonal

-do- to one of several units containing the calculathps, but this is cumber-
" some. We saw one shortcut already

» { <

cale X<F1ﬂ¢—25(y>13) ' ’

°

=

.

is equlvalent ‘to "x<=125""if y>13 and to "x<=14g" if not.'
be written as :

This can also

BRI calcc  y>13,x<=125,x<=14g ' : .

" The -calcc- is strictly analogous to -writec-. It indicates a list of
calculations to be performed, dependent on a condition. "~ The elements in
the list are calculations rather than pieces of text or unit names. _

C. Very often each of the calculations. in the list consists of assigning

*~>~—. a value to the same variable, . In the example above both calculations assign -
- a value to the variable,"x". An even shorter way to write this kind of
* ‘.ﬁ} thing is ' . ” , .

B 4
! .

. " calcs 'N—Sy,bin<#37,5.2,y3+2,,2/N
This will store (-calcg-) one of five values in "bin", depending on the.
condltlon "N-5y". ‘Nete that if "N-5y" rounds to two, we-do nothing: two
commas in a row (,,) .indicate "do noth\ng" in -calecs-~, -calcc-, and -writec-.

‘The conditional -mode- command ‘ o J

. .

* ) K— ‘ . ) .
For completeness it should be mentioned that the -mode- command also

\ can be made conditional:

1 . o

k mode count-3,write,x,rewrite,erase,write v ' .
v Here the list of elements following the condition is similar to the list of
unit names in a -help- command: they are the names of the various possible

screen display modes. The "x" option means "do nothing --- do nbt change

the present mode". . 4 . /.

o The -goto- command . /

‘ P4 -

The -goto~ command is a very mild version of the -jﬁmp- command. It

does not initiate a new main unit and does not perform the, ‘initializations , .- ’

associated with starting a main unl% the screen is Mot eraséd, the help: '

and other unitpointers are not cleared, and how deep we arefin "do" levels

is unaffected. It is most often used im its condlﬁlonal foi@ so we waited

until this chapter to introduce it. =~ -+ / . .
. Y :

- . Ve
’ »

ERIC T

Aruitoxt provided by Eic: . . -
. S .




Aruitoxt provided by Eic:

: /
One common use of the -goto- command is to "cutoff" & unit prematurely:
: . ]
unit A . : _ ,
at 1315 . i)/ &
write = You have now finished the quiz. . o
cj;:>goto score<90, fair,x X N
‘size 4 -
at 2285 B .
- write Congratulatlonsl .7 ' .
’ size '
* [
unit B ' - )
at . 1912 - . L ‘ ‘
: write The next topic is . . . . . : .
° ° ~
. o .
. . ) ¥ =
unit fair i R : ,/
at 1815 o g . &
¥ . write Your score was below 94. 1 ’ .
; * ! ‘ - " : . °
unit blah. ] ; - : . -

VI - 8 o

. In this example a score of 9¢ or better will mean that we fall-through the -

""You have finished the quiz" already on the screen.
" erase the screen, nor does it change the fact that the main unit is still

-goto~ to display the large-size "Congratulations!" A score of less than
9¢ will take us to unit "fair" to add "Your score was below 9¢""to the
The ~goto- does nat

"A". . When, the stude
following unit "A".

presses NEXT, he proceeds to unit "B",
He does not proceed to unit "blah"..
20t . 9

the main unit

4

Like -do-,

unit is

" home " )

the -gato- command attaches a unit without changing which
whereas -jump- changes the main unit and performs the many

ERIC

initializations associated with entering a new main unit (full-screen erase,
clearing the help pointers, forgetting any -do-s, etc.) As to the difference
between -goto- and -do-, the main difference is that the -do- will normally
come back umpon completion of the attached unit, whereas -goto- does not come
back: statements following the -goto- are normally not executed. . )

»

¢

g




Al
. - »
° r
VI - 9
‘ . "
-y . .
. . The relationships among main units and attached units and among =~jump-,
-goto-, and -do~- may be clearer if you think of a lesson as being made up
of a number of nodes or clusters @ach consisting of a main unit and its - : ‘
attached units: : - . . : ' ‘.
. (w ; )
- »
‘ . Toa '
. /," . *
-
r \ s »
- ! da. /
. / A =
,( &
brootare b beed [ - ' .
| Vot e i + bt N
p ~ e et o 1 et et -
) | Loy | - . °
“ » S i
. A .
a
-
X ' - . "’0 ‘
+ Loare, Y .
. S ’ : o e
Tha o vra b bt bt ) \\ ' i _‘ ) 4 - . v 'T
@ bbb Thae N tE T o .
maiye vt et \ ' . h ’
charzed, AN e i =
Y
. Y w
/ - e |
‘ \ .
{ |
. ? .
4 2
‘ »
23 9
‘1&
\‘V . .
a )
s 1 4, ¢
9 \
/ ., , . .
; ' 4

-
"
. .

Movement. between main units is made by pressing NEXT (or HELP,'BACK,-étc.)
or by executing a ~jump-. These main units may form a normal sequence or ‘
a help sequenge (see Chapter V). The -goto- and -do- commands ‘attach . “
auxiliary units to these main units. , ' 7 .//

.

ERIC
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Notice that completioh of a unit reacled by one or more -goto-s will
cause’ TUTOR to "undo" one level if one or more -do-s had intervened in’
reaching this unit. The reagon this eccurs is that whenever TUTOR “encounters
a -unit- command (which terminates the preceding unit) TUTOR asks "Are
we at the main-unit level?" If so, we have completed processing; if not,

. we must "undo" .to the statement 1mmed1ately following the last -do-

encountered. This point deserves” an.examplg for illustration:

— © unit © calcit
do sum
show total N
. : N
»~
unit sum
calc total =g $$ initialize "total™
goto . addup v 2 :
* * ' 2

¢ unit addup

° ’

. . ' . $$ a’calculatidn of. "total" . o

unit other v

In unit "calcit" we -do- "sum!, which initializes "total" and does a Lt
-goto- to unit "addup", where some klnd of calculation is performed. When “"
we run out of work (by encounterlng a -unit- command at the end of unit
"addup"), TUTOj asks whether there was a -do-. There was a -do-, so
control pass to the statement fgllowing the last —do-, which is
"show total"”. All of this is perfectly reasonable and useful, but it .
should be pointed out that this property of the -goto-, that it preserves .

‘the required information to permit "undoing", has an &dd side-effect. The

presence of a -goto- in a done unit causes an exception (the only exception) /T

to the description of -do- as a text-insertion device. ExcepE_?Br this

case, the effect of a -do- is equivalent to inserting all the &tatements °

contained in the done unit in place of the -do- statement. But suppose we

replace our -do- with the statements contained in unit “"sum". We would

have: . ' : ’ ‘
unit calcit\‘ - ' #\ ’ o
calc total <=8
goto addup
show total

} in plaLe of "do sum"

. unit addup : u .

rﬁ;it ojiBr : . | ”
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Now the -goto- cuts off the rest of unit "calcit", and the -show- will
not be performed, in contrast with the case where we used a -do=. So

the presence of a ~goto- in a done unit/causes a (useful) exception to
the text-insertion natlure of -do-. o

Here is a summaryqu the basic properties of the -goto- command:

1) -goto- may be used“to attach units with none of the initiali-
" .zations associated with -jump-; '
2) statements which follow the -goto- will not be executed
(llke ~jump~ and unlike -do-);
3) a -goto- in a done unit does not cut of £ statements following
the original -do- statement, which is an exception to the
normal text-insertion nature of ~do-.

Additional aspects
Responses) .

-goto- are discussed in Chapter VII (Judging Student

It is often cgrivenient to cut off a unit with a -goto- of the form

shown in’ this ex J
e ‘- ' .
Unit cuts
, ‘goto expre551on,x,zonk empty,x,empﬁy ) -
write We fell through... . .

unit empty

unit zonk

t
[N

Note that unit "empty" has nothing in it but serves merely to have a place
to go to in order to cut off the end of units'cuts". This is such a common
" situation that TUTOR provides an empty unit named "q" (for quit); the
previous —goto— can be wrltten as

goto  expression,Xx, zonk,q, »q

makes it illegal to have your own unit named just as@it is not possible

and "goto q" means go to an empty unit. The special mganing of q here
to name a unit "x". The use of "g" in a -goto- statemenzi‘s

somewhat dif-

ferent from the use of "g" in a ~help- statement. You wil? recall from
Chapter ¥ that "help . g" means to quit specifying a help*unit (by clearing
the’ ~help- pointer). Since "do empty" can be rendered by the equivalent
"do x", the statement "do ° .q" (or a conditional form) is given the
special interpretation of acting like a "goto q". '
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The -gotor can be used in assoclation with the -entry- command to sklp
over statemen /

. . . \ . / .«
s « calc b &g TR /
" goto 3£>5, leaVLt,x :
‘calc b4f/2 ' _
f <=0 ' ' .
f,:;:>entry leavit

|\ b :
If 3f is greater than 5, we skip over intervening statements to entry
"leavit". .The sentry- command is equivalent to a special -goto- plus

a -upit-: ' - L,
. ~

-9 >
special goto leaVlt} equzvalent to (entry leavit)

unit leavit
- ‘ ’ 2 4 ’

so- that, unlike a -unit=- command,:lentry- does not terminate &4 unit but
merely provides a named place to branch to. Its equivalence ta a special " °
hidden ~goto- followed by a.-unit- command means that an entry is completely
equivalent to a unit except for not termlnatlng the preceding statements.
For this reason it is possible to use an ertry name w1th ~do~, =jump=, N
-help~-, etc. '

The conditional ~goto~- is often-used for repetitive operations similar
to those carried out with -do-. Here are two versions of ‘a subroutine to
add the cubes of the first ten integers:

~do- ' -goto-

‘; unit add ' unit ‘' add
calc total &=fF ) calc i4=1

e do add2,i«s=1,19 - total<=g
* ' goto add2 .
unit add2 * .
calc totald=total+i3 unit add2
.. ralc total ¢total+i3

ie=i+r”
goto . i©1g,add2,x

15
“ .
‘_5
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The last two statements in the -goto- example could be combined into one: ' v
goto (i<=i+1)<[1@,add2,x. For the simple task of addlng ten numbers, the
-do- form is certainly easier td construct, but sxtuatlons occasionally

arise where it is easier to construct a repetitive loop using a conditional
~goto-.

Except for not changing how many levels deep in -do-s we are, -goto-

is quite similar-to -do-. Although the feature is little used, it is even
& possxbie to pass arguments to a subroutine with a —goto—- N «
"goto zonk (12,25)". Arguments may also be passed in a conditional -goto-:

"goto 3N-4,alpha (2+count) ,x,beta (15, 2N) ,q".

(

The conditional iterative “do-

The conditional and iterative -do- can be combined so that, on each
iteration, the condition&l expression selects ngch unit to do this time:

.

\

do N+3,ua,ub,uc,ud,i41,12
neg g 1 22 _ .

For each value of i (from 1 to-12), the expregssion "N+3" is evaluated,
which determines which subroutine will be done. For example, if "N+3" is
#, the above statement is equivalent to "do * ub,i<=1,12". Usually a
conditional iterative -do- is used in situations where the conditional " ™
expression ("N+3") is not changing, but doing one of the subroutines can
change N so that a different subroutine is used on the next iteration. A
more straightforward example of such manipulations is this: ’

.

r

-

‘ " do . i=-2,ua,ub,uc,ud,i<=1,4 i
o0 £ .
For iid@ﬁal to 1, the condition "i-2" is -1, 88 we do "ua". Then i is
incremented to 2, and we do "ub", etc. This statement is, therefore, "

equivalent to the sequence

¢ do ua
do ub
; do uc . y
do ud . ﬂ

\

In a conditional non-iterative -do- the unit names "x" and "q" mean

"don't do anything” and "goto q" respectively. 1In a conditional iterative
-do- "x" means "don't do anything on thig iteration'", and '"g" means "quit
doing this statement and go on to the next statement". In other words, ¢
. 1 . .
. wt
[N .
e | / ‘\)‘
o P"‘ ) i
o . K : .

|

|

|

|

|

< . ) T |
As usual, the specifivd units can involve the passing of arguments.
|

|

|

|

|

|

|
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"x" means "fall through to the next iteration", while "q" means “fall
through to the next TUTOR statement". For example,

A

do i-2,ua,x,q,ud,i<1,4 R
show i :

will display the number "3". For i equal to 1 we do "ua"; for i equal to
2 we do nothing; for i equal to 3 we quit and go on to the following
~-show~ statement.
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) \ﬁ\ write Count the'sides!

o'

. vY\ ' - i \.‘
CoovIir -1 . ‘ .

VII. Judging student responses .

Yon now(knowuqulte a.bit about how to“express in the TUTOR language
your instructions to PLATQ on how\to administer a lesson to a student. You |
may not have realized it, bu® in he process you have learned a great deal -
about the fundamental Concepts of bomputer programming. You can calculate,
produce complex displays, and constituct rich branchimg structures.- You .

have studied aspects of initialization problems, seen the importance of sub- LT

routines, and looked at some stylistic aspects of good programming practice
such as- defining variables, placing unit pointer commands at the head of
main units, etc. With this solid background you are now ready to 'see in
detail how to accept and judge student responses. ' )
LA
In Chapter I you sbw a comthon type*&f judging situation in which you

'simply list the anticipated responses after.an -arrow- statement together
‘with the display or other actions to be performed correspgndlng to the par-
ticular reésponse. Let us see how TUTOR actually processes these judging
commands. We will consider a slightly &ifferent version of the "geometry"
unit:

@
.

unit geometry

© draw S108;1518;1544;518
arrow 2815
at X 1812 ’ _—
write ' What is this figure? e i i
angswer <it,is,a> right,rt) triangle
write Exactly rightl

T wrong <it,is,a> square

i B
a

- The order of the initial statements has been changed slightly. TUTOR starts

‘ executing thig main unit by drawing the triangle. TUTOR next encounters thé
L-~~arrow-- command, places an arrowhead at pogsition 2815, and notes where thig

. =arrow- command is (the second command in unit "geometry"). TUTOR then
exaécutes the -at- and -write- to display the text: "What ic thig figure?”

! -~ ' .

: Finally, TUTOR reaches ‘the -answer- command. This "judging" command io
'Eselesn at this time because the student hag not entered g'responuel Thexe

-,is nothing more that can be done but wait for the student to type a reoponse
and enter it by precoing NEXT. We call commands which operate on the student's
-responge "judging” commands (ouch ag =-angwer- and -wrong-). Other commands,
‘such ag -draw=-, -at=-, -write-, and -calc-, are called "regular" commands

« We see that TUTOR must otop executing regular commandc when a judging command

[ is encountdred. (This assumes the presence of an -arrow- command: an —angwer-

* or other Budging ecommand without a preceding -arrow~ ig meaningless.)

When the student presses NEXT to enter hioresponse,TUTOR lookc at its
notes and findo that the -arrow* wag thf gecond command in unit "geometry".
TUTOR gstarts just beyond there ldokinq foy judging commandsc to process the
student's regponse. It gkips the regular!licomnands -at- and -write-- these
are not judging commands and are of no*Vse at thic point. It encounters the

‘f. , X,

13
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-answer- command and compdres the sﬁudent‘response with the specifications
given in the tag of the -answer- command. o .

-

»

If there is not an adequate match, TUTQR goes to the next command looking
- for-a judging command that might yield a match. " In this case the following
command is a regular command {-write-) which is skipped. Next there is a
-wrong- judging command, and if there i's no match to the student's response,
TUTOR" keeps jpdgin@. Then comes a -write- reqgular command which is skipped.:

Finally we come to the end of the unit without finding a matching judg-
ing command and must give a "no" judgment to this response (and possibly
mark up the response with underlining and X's if the response is fairly
close to that specified by the -answer- command). The process of starting
from just after the -arrow- in the "judging state" will be repeated é&ch‘
time the student tries again with a reviseg response. )

If, on the other hand, the response adequately matches the -answer-
statement, TUTOR has found a match and can terminate the execution of judging
commands. It switches to processing regular commands with the result that
the following "write Exactly right!" will be executed. (This regulaf
command is skipped unless a match to the®-answer- flips TUTOR out of the
"judgigg state" into the "regular staég".) Then TUTOR, iﬂ the regular state,
comes to a judging command (-wrong-) which terminates the processing. TUTOR
finishes up by placing an "ok" beside the student response. {(Similarly,

a match to the -wrong- would flip TUTOR to the regular state‘jm\syeaute the
A

regular statement "write Count the sides!")

When the -arrow- is fihally "satisfied". by an "ok" judgment, TUTOR Y
returns one last time to the -arrow- and searghes for any other -arrow-
commands in the unit. In this search it skips both regular and judging
commands. In our particular example no other -arrow- is found, so all arrows
(onel) in the unit®have been satisfied. After the student has read our
comment to him he presses NEXT and proceeds to the next main unit.

It may scem wasteful to you that TUTOR keeps going back to the -arrow-
only to skip over the regular commands preceding the fir®® judging command.
It turns out that okipping a command is an extremely fast procedure and
that keeping a single marker (the location of the -arrow-~ command within
the unit) dgreatly gimplifiec the TUTOR machinery.

In the example, the replies "Exactly right!" or "Count the sidesl™
would be displayed at the location 2317, three lines below the response on
the sereen. This standard pogitioning can, of course, be altered by an
-at- statement.

. »
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Here is another illustrative example. You can watch a step-by-step
animation of the processing of the following unit by studying the "simulation"
topic available through lessen "aids" on a PLATO terminal. The unit is:

~

unit canine .
. at 21085 )
- write Name a canine: .

arrow  23@8
answer dog .
write A house pet.

answer wolf . A
write A wild onel! ’
wrong cat . * -

write A feline!

Suppose the student enters "wolf" as his response. TUTOR initiates the
"judging state" just after the -arrow-. The first -answer- (dog) does not
match, so TUTOR stays in the judging state and skips the "write A house pet,"
There is a match to the followimg "answer wolf", so judging terminates and

the reqular state starts. The "write 'A wild onel" is executed, not ‘skipped.
Next TUTOR encounters a "wrong cat", and since -wrong- is a judging command,
thig terminates the rd@ular state. The student gets an "ok" judgment. The
search for another -arrow- depes not find one,.so the student has successgfully

v «completed the unit. Study the simulation in lesson "aids". \

-

This method of process}ng judging and reqular commands yieldg a readable
programming structure, with judging commands delimiting the regular commands
used to respond to the student. We have Fpent time discussing the detailg
in order to simplify our later descriptions of the various gtypes of Judglng
commands uged to.match, modify, or store student resgsponses. .

It is important to point out in connection with these matters that the
-do~- ‘and -goto- commands are regular commands. They are, therefore, skipped
over during the judging Btate and during’ the search state (looking for a
possible additional -arrow- after an arrow hnc been satisfied.). There
is another command, -join-, which works like -do- except that the -join-
command is universally executed whether TUTOR is in the regular state,
the judging gtate, or.the search utate. It is, therefore, possible to -join-
units containing judging commands or even containing additional -arrow-~
commands, whereas a,-goto- or -do~ ig incapable of accessing other units
in theé judging or search gtateg since these regular commands are gkipped.
Although the =do- command acts essentially like a -join~, it ig, nevertheleas,
a reqgular command and is skipped during the judging and search states. Only
the -join~ command itself has the unique characteristic of being performed
in all states--reqular,judging, and gsearch.

i
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It is freluently useful to handle more than one response in a unit. °
Let's ask "Who owned Mount Vernon?", and after receiving a correct response
ask in what state it is located but stay‘gg the same page: e
. ) Lo -
* unit wash a : ) ,
, at 812 . r '
) write Who lived at Mount Vernon? ' o
arrow 1415 -
answer <George,G> Washington . e :

at 1128 . )
write Great! g
wrong Je¥ferson
at 1112 /
write No, he lived at Monticelllo.
g arrow 1715
, at 1512 /

\ 7 write  In what“state [s it located?
answer (Va,Virginia%?

7 If you say "Jefferson" thé‘--'bng- is matched. Regular commands are executéd
’ ~ until you run into the second -arrow-, which gnds the range of .the first
-arrow-. In other words, when you are working on one -arrow- the next -arrow-
is a terminating marker. If you say "Washington", the student gets the -,
. "Great!" comment. .Since the ~arrow- is now satisfied, ?UTOR starts - at the
first -arrow- searching for another ~arrow-. In ‘this search state all
commands other than ~join- are gkipped (-join-"may be used to attach a unit
that contains another -arrow-). A second -ardow~ is encountered, which
changes the gearch state into the regular state. The arrowhead ig did-
played on the screen and the location of this ~arrow- within the unit. is
noted. The regular commands following this second =-arrow- are procesged to
.digplay the second question. The final -answer- command gtops this processing
to await the student's resgponse.
: r
There ig another way to de¢ this which is probably more readable: .
unit wash
next wash
) at 812 .
write VWho lived at Mount Yernon? e
arrow 1815
angwer., <George,G> Washington
at 1124 ’ N
write Great! ’ ) .
.\ wrong Jefferson ’ ;

. at 1112 ) 4
: write No, he lived at Monticello.

——>.¢ndarrow _ ‘ T
E at 1512 K& o ° .
¢ write In what state io it located?

arrow 1715
{ angwer (va,Virginia)




The -endarrow- command defines the end of commands associated'with the .
first -arrow-. Note that -endarrow- chahges the search state to regular

state. One benefit of this form is that the second arrowhead appears on I
the screen after the text of the second question, which often seems more SN
-!‘atural . | . . - : \

It may seem rather abrupt that the "Great!"™ and "In what state isﬁlt
located?" both appear on the screen at the same time. It might be better to .
let thd' student digest the reply before presenting the second question. We .
might ingert a -pause- with no tag just after the ~endarrow-. Now TUTORB
waits for you to press a key, to gignal you want to go on, before preoenting
the next quegstion. ] .

The -endarrow- command lﬂ.qu1te useful even in units which contaln

only one -arrow*.

L] . v ' N
. ® arrow 1213 v .
answer dog .
write B%wwowl : o . o
angwer wolf . . .
write, Howl! ‘ NS ‘
‘ : wrong cat
. _ write  Meow. ' . .
_~———endarrow . ' .
-Jy calc y ¢&37+y .
circle 1@28,258}25¢8 , - ] '
' The ‘commands following the -e¢ndarrow- will be executed only after the -arrow- N *
! is satisfied, whether by the response "dog" or "wolf". So this is a convenient

way to finith up the unit.

While it is possible to -join- or even -do- units which contain -Arrow-
} commandsg, two seemingly arbitrary rul&s must be ¥ollowed or you will get un- )
predictable results: . .

. ) /\ , Q . .-
. 1) A unit attached by =-join- or -do- which contains ene or
. More -arrow- commands must ond with an ~¢ndarrow- command
(possibly follewed by rogﬂiar commandg) . "
* 2) This attached unit must not contain any =goto~ commandg.

If you violate either. of these rules, btrange things will happen becauu9 .
TUTOR may "undo". from this unit several tlmes (during judqing, while ,
processing regular commands, or in gearch gtate). If you follow thece two /
rules the -join> or -do- will act like a text-ingertion devieo: your proegram
will act as though you had ingerted the attached unit where” the -join- or
=do- was. We will disguaa thege rules in more detafl later in’ thio chaptor,.

|

Aruitoxt provided by Eic:

N
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- Student specification of numerical parameters
. . r o

. T a The ~answer~ and }%rong- commands make it easy to specify a list of f
anticipated negponses ‘each of which, due to the 'specification 6f synonymous
and optional words, can allow the student considerable latitude in-the way
; he phrases his responset In some cases there can’ be no list of anticipated
i oo XESponses ‘and_a different technlque must be used.  For example, ou might
ask the student to specify a rocket's launch veloc1ty and use his number to
+ cakculate and display tHe rocket's orbit. oOr you mlght ask him for -his name
for later use 1n‘8ersona11zed messages such as "Bill, you should look at v
/ Chapter 5." 1In such cases all you can ant1c1pate 1E that the response w;ll
| be a number or a name, but you can't p0551bly lbst 11 possible numbeg; Fr .
names ! ' o N ) :
, v » A SN - °
= o Here is an example of such a situatioh. We will proyide the student
. with a desk calculator accessible on the.DATA keg. In. the desk ealculator e
mode he can type complicated expressions (such as "Zkﬁizgﬁand receive gye', o

R

evaluated result. I N ‘ « - R : ~
' ', ) ” 5 . ° ’ . s
L unit mainline - & - - SR
. ! .data ' desk . ) ' N .
o - e rat " 3gep S S L =
L write‘ﬁ Press DATA for calculator ) : . " . ) -
~ _' . .
» oo e L ° T £ :
A s T 5 : o%
. unit = desk /‘ . . . pJ ) o .
next desk $$ for repeated use , ~ .
’ _at 1713 . S o /’
’ . write Type an expression. . ’ o ——
- .. o . Press.BACK.when flnlshed . .- - . . .
' A ~ arrow 1915 < - o '
K <:}:>store eval ' = $$ Be sure to'define "eval".s ' .
. . ok ) A $$ Accept all responses. * oo . o~
- write The result is <s,evalp . . » °
. . o : o e, ' . .
. . The -store- "command will evalua%svthe student's .expression (e.g. "13¢in30°") g
. and store the result in "eval"¥{in this case, the number 6.5). The =-store~
© " command is a judging- command becguse it e’eratés on the student's response . e .
. and can be executed only after the student, initiates judging by pressing :
¢ NEXT. The -ok- command is a unlversal -answer- which matches all responses:
v it unconditionally fllps TUTOR \from the judglng state to th} regular state. -
, In this example it accepts any, ¢ &esponse and<énables the following ~write- t )

, dlsplay Ehe evaluated result. ; : 7rb’ ~ in' ‘ f;
| & s - ¥
o ' o Noteg;hat a_ stpdent need riot use parenthe§ES with functlons' sqrt2§, $

ta cos60°, arctan3 ard, all legal Jsuch expressions are Zllegal 4 a f&alc-. 2 S
' . l!h a moment- we'll see another w?y »h whigch TUT@R is .more tolera of studerts ‘

* ., than of authors. . =

I

R Y S &% . . - 2 @ - oo e
ERIC T L e .
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What if the response dannot be evaluated, such,as "(-3) " or "19/"
r " (3+5)))"? The student will get a *no" judgment. To see how this works,
let's insert a -write- statement after the sstore-: o .

\ l' - : & - - 3 »

————— s //’ . R . - R -

store/ eval . ’ : _ T A
writé Cannot evaluate!A : o ’ ® . o

e . ok
/ [} .

Notice that this new -write- is'normally skipped because the -gtore- leaves I
us 1nvtﬁ% judglng state., But¢if the student's expression cannot be evaluated,
-store- makes a "no" judgment ‘and switches us frqm the judging state to the -
regular state. Then TUTOR. executes the "write Cannot evaluate!", after
“-  which it encounters a judglng cdommand (-ok-) which stops the yegular, processing.
X} Note that -store- terminates’ judging on;y on an error condlt; n, whereas
~answer- termlnates judging only on a match and -ok~ always terminates
judglng. > ¢ . o

-+ You can tell the student precisély what is wyrong with hWis expression by
use of the system variable "formok". This variable.is =1 if the student's
expression can be evaluatedTbut takes*one of several positive integral values
- . ;« for. spec1f1c errors such as unbalanced parenthes bad foym unrecognized

*variable name, etc. The varlabl!i"formok" is defined auto‘atically to per-
* form thls function. - (If you yourself deflne "formok=v3" . o
’ system ‘definition and you won t get these features. 3 The partlc 1lar "values L r

termlnal. ,
L A | -
3 * You gan give the student some storage varlables. et's define a couple - -~ -
. Tof .variables for the student. [ ’ ' ©

)

" definé tudent $$S spec1al define set . -
bob— 3ﬂ,cat—v31 ; ’ .

.
- .

R . Plsee these deflnes ahead of everything else" 1n the "lesson. SUppose you

' - have asslgnedahobﬂ=18 and catc=3 If tZg student types "2bob" he gets 36. : P
.~ Or he can type "bobcat" and get 54, wherdas bobcat would be illegal in 2 :

~-¢alc-, wheﬁt you would meed bobxcat or/bob(c t). Only names defined ‘in et
the set, of deflnltlons labeled "student" may be used by the student in this
,.«" Way. Attempted use of names in your othér sets of defines will give a value : ]
Y eTof Qformok? correspondlng to "Unrecognlzeg -variable name": . .

s * Te . & e 7 - -~

R e have- dlscussed'ﬁ desk calculafor, but,clearly the store/ok comblnatlon
ﬁ;ll ork lﬁ any sltuat}on wheﬁf we—Tlet the student choecse a, number. Another

- s -
®
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: good example ‘is in an index of chapter numbers: ‘ : X -
— . , unit ° table - - 0 L
, / base . ’ o ' . -
“ - term ‘index . . . ’ : . L .
at - 1218 - > N : s . \
. write Choose a c¥apter: ) o ; ) o ' 3 !
< 1) Introduction * ' ’ i
¢ -~ 2) Nouns » ' i . o )
-~ s .3) Pronouns- )
"4) Verbs ‘J e ) o )
J arrow 1822 L ) ' ' Lo |
~7=>long 1 - $$ get one digit; don't wait for NEXT
7 store chapter a
;L . a )
/:EFDjump chapter X, x 1ntro,unoun pron,verb,x t s °
write Pick a .number between 1 and 4, .
¥ \ 0 ‘ ) - ‘
N  The -long- command followipg an’'-arrow- (but preceding any judging,commands)
. sets a limit oh the length of the student's refponse. The "long < 1" is
particularly useful here because the student need not press. NEXT but has
only .to press the single number .and judging starts right away. ° (For -long-
'gf greater than 1 there must be an accompanying "force -long" statement
or else a NEXT key is required.) The reason ~-long- must precede any judging .
command is that the long specification is needed before the student starts
typlng, whereas we proceed past the judging command only after the student ’
mnters a response. . You might think of -long- as a kipd of f modifier of the
. “arrow- command. The\rarrow- sets a default maximum response length which
© . is overridden by the followryg -long~- statement, . . . N
) The -no- in this index unit is similar to =-ok- in that it unconditionally
- terminates judging, but it makes a "no". judgment. If "chapter" is a number
from 1 to 4, the -jump- will ¥ake the student to his chosen chapter since
- -Jump— erates the screen the "no" will not be seen. .If, however, "chgpter" -
P is ndt in 'range, we fall through the -jump- to an error message.¢ There will N
bg a "no".next to the respohse and the student must try agaln.
" , -
¢ . .
Student specificationp of non-numerical parameters ’ ‘ ‘
# - '“having seen how to let” the student specify a number, let's.see how to \
ask him to tell us hrs name or nickname to permit us to 'speak to-~him by name:
» . - N
o . . 'unit meet : . : . R
. ' at 1215 ' -~ . :
I , write Helloy my -name is Sam Connor.’ .o
K N , What's your nameF 5 , ‘ : \W.
. § : © arrow  162f I \ o h
- ‘ . long g, $$ limit to 8 characters | ’
] ) ::;:>storea. name -1 define "name" earlier ’
ok ' . e . ' ‘ .
- write Pleased to meet you, <a,nameP'l(J ' T
v\‘l ' _.‘ ’ ‘

ERIC- T ey L




~storea- 'is a judging com nd whlch will store alphabetlc information as

dxstlngulshed from numeric’ 1nformatlon. The <Ja,namel> is the embedded

form of the statément "showa name' ' which willr display alphabetic info%maﬁiOn.

This unit will fged back -to you any- ndme you give i%. Notice that you ca@'t

enter afnaﬁeﬂof more thdn-8 characters-because of the -lohg~ command. If

capitalized, the\name must be shorter because a capital letter counts as

two characters: ' TUTOR: stores a capjtal letter as a "shift" character plus the
. 18wer1$ e letter. (Insert a *"force long" statement anywhere before  the

.

- =stor if you would -like judging to start upon -hitting the -long- limit,
without having to press NEXT ).

.i 1o -
. ! o

" A statement of* the form "storea' name, 3" will store just the first three
characters of the student's response. You can get and keep a character count

. of the lengtlr of the studeat's name, ipcludlng "shift" characters, by referring

, to the .system, variable "Jcount"s whlcntls a count of the number of characters
*in the copy of the student response uged for judging=--~hence the "j". With

these facts in mlnd, change the -storea~- to i

; ‘ f

v -
storea name,(namlng<=jcount)‘ : B
. which will store the whole response and save the length Be sure to define
both "name" and “namlng", but do not define "jcount" or yoy will override
TUTOR's definition of its functlon. Also, change the embedded -showa- to

.. <a,name,namlngp

to show precisely the correct number of characters. ' *
- , ) :

~ "The ¥eason Ior saving EEE*ﬁEEEEHE*GEIGEMSf*WEEéaEt“‘iﬁ'“ﬁEﬁiﬁEﬁgisfthéE”"
"jcount" will change at each -arrowy- in the-~lesson, ereas throughout the o
lesson you will repeatedly use "showa name,namlng" or <a,name,namlng}

call the student by name. So you want "namlng" to keep the namejlength.
Incidentally, a -showa~ with only a single argument (such as "sho name")
will show ten characters, which is the number of characters (1nclud1ng shift
character$) that will fit in bne of your variables.

It is possible to store aiphabetic information longer than ten characters.
Change the "long 8" to "long 20". Suppose you've defined "name=v24":
you must make sure that, you are not uslng v25,! and change your defines if
necessary. The 20-character name e will need both v24 and v25 since each variable
can hold only ten characters. With these changes it Is—posslble to énter a
long name (e.qg., Benjamln Franklin, whlch is 19 characters counting .shift
E ‘ characters).

I >

(Differénce between| numeric and alphabetic information
N S

i ‘ When we were %tudylng the desk .calculator unit, we deflned for the

{student a variable|("bob=v3g". Suppose the student enters as his response

the word "bob". If we use a numeric ~-store-, we will get the number !

1
v
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presently contained in v3f, which might be 529. 3. If we use an alph#abetic
-skorea—, we will just get the string of characters "bob* which is simply a
name and nothing.more. Perhaps the distinctionsis most easily seen with
am example:

‘ define® student .

. «*

ERIC

PAruntext providea oy enic [

-

- bob=v1 -
9 define ours,student $$ include "student" set of defines
. . name=v2, num=v3 L ]
unit test
v next test
calc bobe¢m $¢ m means 3.14159........
arrow 1815 |
~.._, Sstore num 1
) storea name
' ok :
write num = <[g,nump
name = <{a,name,jcountpP '
’ 3 . - . .
Consider various responses. '"2bob" should give a numeric 2m (6.2832) and
. an alphabetic "2bob". More properly, we speak of "alphanumeric" information
(letters and numbers) in the latter case. The response "3-4/5" yields a
numeric 2.2 and an alphanumeric "3-4/5".
. In other words, a storea/showa combination just feeds back exactly the
. . alphanumeric text entered by the student. On the other hand, a -store-
o involves a numerical evaluation of the student s response, and a later ,rshow-
. converts ,this numerical result into appropriate characters teo display on the
. screen so that we can read the result.. You might interchange the "num"
«and "name" arguments on the -store- and -storea- commands to see what weird
things happen if you pair -store- with -showa- (instead of -show-) or if-you
pair -storea- witn\-show- (instead of -showa-).

To sum up, if you accept numeric information with a -store-, display it
with a -show-. _If you accept alphanumeric 1nformat10n with a -storea-,
display it w1th a -showa-.

Q
More on =-answer- and -wrong- (includes -list- and -specs-) ‘ <
- ) There are> some additional features of -answer- (and -wrong ) which
should be pointed out. First, -answer- will not only handle word or sentence
responses but will also handle numbers:
} hswer 7 women <and> 5 men .
. ~ \
. . . N
This -answgr- will bé matched by a student responge of the form ”14/2(7omen
.and 3+2 men" because simple expression# such as 14/2 or %¢2 are evaluaged
" - by the -answer- command. Currently the -answer- ‘command will not handle
® , % ‘ y 7
o d
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more complicated numerical expression. (Later we will discuss the =-ansv-
and -wrongv- commands whlch handle expressions as compllcated as those
handled by -store- but’ without the sentence capabilities of -answer- and
-wrong-. There are also -ansu- and -wrongu- commands which are similar to
-ansv- and -wrongv- but treat scientific units on a dimensional basis.)

-If the student says "37 women and 5 men" the incorrect number 37 will
have XXX under it, whereas the response "6.5 women and 5 men” will have the
6.5 underlined since it is nearly correct (similar to a misspelling of a,
word). Normally -angwer- and -wrong- consider numbers off by less than 1ﬂ%
to'be "misspelled”. 1 can alter these specifications by preceding the
.list of -answer- and'--wrong-a commands with a -specs- command : K
' ! / I : |

unit trial !

arrow ¢« 1815 ‘

specs toler,nodiff

answer 7 women <and> 5 men . -

[N

-specs—- is a judging command--it affects the operation of other judging

commands which follow it. Here it has been used to specify that a "tolerance"
of 1% is permitted and that "no difference will be allowed for underllnlng"“
(normally 1@%). Having specified both "toler" and "nodiff", any expreSsiDns
within 1% of 7 and 5 will be accepted, but expressions with larger dlscrepancres
will not be undcrllned

-

»

|
Notc-carefully that since -specs- is a judging command, it terminates |

the processing of regular commands. Among other things this means that a ‘
-long- command must precede the -specs-, not follow it. If -long- comes after ;
\

|

misspellings are to be considered ok.

contain capital letters if you use "specs

-specs=, TUTOR wor't realize it is supposed to prevent the student from
entering a longer response, since it won't have seen the -long- before
stopping to wait for.the student's response. ‘ < ” o
Here are some other useful applications of -gpecs-:
‘
specs  bumpshift,okspell . A
answer the antidisestablishmentarianism doctrine
This changes student's capital letterg to small létters, and specifies that

Note that an -answer- tag should cot
bumpshift” to uncapitalize the

student's capital letters. « ~
: sppcs | okextra I
answer | Washington - ( % ;
| s .
, .0 | !
' This says it i®s ok o0 have extra words, so that "It was Georgé Washlngton" }

will be an accnpt ble response. - i

|

!
U.

93




o . “vspecs
answer

lowed there,

p Thls specifies that no particular word erder is required.
f commas mn\\be -answer- tag:
but all punctuation marks are ignored in the studept's respspse,

so he may use commas. Qémm

o
X

' »
VII - .12
noorder
apples pears and peaches

Note the absendw,
currently such punctuation marks are not

There exists a much less powerful -exact- ¢ and as

well as other techniques for judglng partlcular punctuatlon when that is

necessary.

specs
ok

< ) .
nookno

i ! - . . ' \ i
Here we bpecify that n$ " k" o;L"no“ be displayed beside the stud nt S
response, contrary to the noxrm

sltuatlon. )

S

For other -specs- capablllties see reference material described in

Appendix A.
.

e

o

There is another important feature of -specs~ in addition to its use

» "in specifying ‘various’ options:
Congider the following unit.

it marks a place to return to after judging.
~‘pu do not define the system variable "spell”.

unit presi s ‘ : .. ,
at 1212 - ’ ' ”
wiite Name one of the first three U.S: presidents.’ \
> arrow 1519 > N
P specs bumpshift -
) at. ,  25p8
P writec spell,No misspellings!,
’;}sp Underlining indicates a migsspelled word. o
’ : answer washington .
. " write ., Good old George. . .
v answer adams . . T L g
o : answer - jefferson '

: ', ' Suppose the

after the -arrow= and encounters
. TUTOR to change the response to "washington" for -judging purposes.

. 5
student types "WASHINGTON". TUTOR starts judglnq just
-gpecs-, a judging command. The tag tells

(Inciden-

tally, this operation changes. "jcount", the charactet count of the judging °

copy of the sStudent's response, from 2@ to 18 because the. "shift" charactergs

-are knocked out.) Moreover, TUTOR makes a note that it encountered a -specs-

command as the fourth command in unit "presi", and this marker will be used ‘ o
] in a moment. TUTOR skips the following -at- and -writec- because regular'
' commands are skipped in the judging state. ‘ : ER

'\ : ‘ !

8') ‘ . R » " o~
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Next, TUTOR encounters "answer washiﬁaton" which matches the student's
(altered) response, and this terminates judging. The succeeding regular
commands are processed as lsual. 1In this case there- is only a
"write Good old George" before we run.into another judging command
("answer adams") which stops the processing.

Well, not guite stops proce551ng. For almplicmty we've ;1ed a llttle
uﬁ till now! At this point TUTOR asks one last question: "pDid I pass a
-gpecs~ command in processing this reésponse?" The answer is yes--at the
fourth command in unit "presi". TUTOR now processes any regular commands
following that -specs- marker. In this ca;s TUTOR does an "at 25p8"¥
and a -writec=~ beforemjinally being stopped (really stopped thig time) by
the first -answer=- co and. - | ,

.- : b

‘ The -writec- refegs to the systém variaple "spell® whzﬁh is true (-1)
pelling ig fine, false () if “a.misspelling has been defected. "spell™
if there are no underlined words, buf.,there may be X'ed words--words
ompletely different.

The ugsefutgges of the marker property of -specs=- is that yowGan- .

specify a central™lace to put messages and calculations which should be

done no matter which 'udging command is matched. We will see additiomal
appllcatlons of this ustful feature of the -gpecs~. Notice that a’later
-gpecs~ colmand w11I‘6%errlaB\an earlier -gpecs~ marker in a mannexr analogous
to the W?y a later -help- comm overrides an earlier setting of the "help”
marker. ‘'Note too that if no.re@ular co nds follow the -gpecg~, TUTOR findg | T
nothing to do when it &pmes there after bedng nearly stopped as described i ’

above. This was the situatic in our pr viaus examples gsuch & B ) \‘\H
s N roevers . P )
gpecs TIOCRTIO A To.
LS O}S °

 J : - N

. where ghere are no regular commands between e -gpecs- and the -ok-.
.,
\\ - .
Let us turn for a moment to the -angwer- ¢¢ nd. We had examples
involving gynonymw such as (right,rt) or (va, foglnla)n A convenient’ )
way to specify uyno lists which occur frequently in a- lesuon ig to dgfi}? AEN

a ~ligt-:

ict 4ffirm,yeqs,ok,yep,yeah,sure,certainly ) .

" it

Here "affirm" i3 the title of a list of synonymg; "affiqm" is not 1tsc1f a

member of that list. With th1$ definition, which should be placed at the . ¢
very beginning of your lesson along with ygur -define- g statement, you can, -

write , ' R R - S e ‘
' . .\ i S Y ‘

- " angwer ((afflrm)r B k; o ” ﬂ,,‘ o ,f'
. . !

wrcng ﬂ%yﬁé ((affirm))

k3

q ! N .
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These are equivalent to - >

// - . . . answer (yes,ok,yep,yeah,sure,certainly) S ‘;'

wrong maybe (yes,ok,yep,yeah,surc,certainly) ,
’ e L :
. . - v
"Nete that "answer we affirm" does not imply gﬁas list of - synonyms, as’
“a single 1mportant word by i¥€elf does not  refer to a list« You can use the
. list equally well to specify optional wqrds, as in o/

FS L]

answer <<affirm>> it is - T
-~ To<< ffirm>> is equivalent to <ye;,ok,yepgyeah,sure,Certainly>. Note that
<affirm> merely refers to the szqgle word "affirm". Double marks are needed.

to refer to the list whose title ie "affirm". You can combine references ’ e

" to synonym lists wijﬁ/ﬁggiviﬁhal.words: 4 - o '
.- - o - . T o s y
wrong ugually (definite, (affirm)) - * :

answer often <definitd, <affirm>> . . .

B . A P
v '

e

“Another list which might be particularly useful is this one: =+ ~
=N

list. negate,neémopc,not,ncver,huhqh N
his covers the main CQpabilitieo of the -answer- and -wrong- commandg =

and their aggociated -list- definitions. The -gpecs~ command may be used = -

t modlfy how -answer- works and also serveo as a useful marker. -The marker

?Pnctlon of -gpeck~- is not limited to -answer- but holds. for any judging

commands which follow it, including -ok- and -no-. '

4 The -angwer- (or -wréng-) command can nicely handle rbsp@nses which .»

- involve a,relatively. small votabulary of words. It is, therefore, a&equatq g

& "« when the context limits tha*ﬂlverulty of gtudent regponsesy h as foreign

. 1anguage translatlon drllls where there are only a few perm1u51ble tranolatlons
‘. of the sentence and each sych sentence containg a rather small nunber of

allowable words. The detaitred markup of the response is a partlculafly
* ¢ useful fcedbdck to the r*tude:ant: suchﬁn drill.

{ -
am
~, o Lo <

,]k The -angwer- command is not well suited to a more free dialog with

the student where' the context ig broader and where the vocahulary used b
= the student may encompags hundreds of words. In th?,ﬁéxt section we digguss
. the =concept- command which can cope with more comp exity; ”5

“‘ . \ ‘ l*\ I3 : - " H ) :0'. N ] - \

. | Duzldlng dlaleﬁ with -conccpt- el ~vocab"- : . - ‘\\'
.. e 0 e ) . A
An exccllknt example of a.dialog 10 a lesson on qualitative ganic . |
; . . ¢hemistry analy slg written. by Prof. Sta hey Smith of the Department of - - ¢ ;
"y +  Chemistry, Univergity of Illinois--Urxbang. Thig lesqu helps students . T
v - practice their deductive ckills on PLATO lbefore perfborming in a laboratory , e
\\ o ; . o . oL o )
’ - ¢ Q ﬂ" . s ~ . ’jl ) iy " »
‘' . . s A : -
; o . . LR ’ -

: \) | L . ] ; ‘. , ( ‘ . . . ~ .
 £254£;; %.!. 4 | 3 - & s)}) .. L ' ':‘ | .ﬁi:§,' . - o

.

- . B ! ) 1 v
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the identification of an unknown compound. Prof. Smith has PLATO choose

at random one of several organic compounds and then invites the student to

ask experimentally-oriented questions aimed at identifying the unknown.
_Typical questions are "what is the melting point"; "does it dissolve in,

sulfuric acid"x"show me the infrared spectrum";"is it soluble in Hp0".

There are over a hundred such Qoncépts important in this simulated laboratory

situation, and since each concept has many equivalent forpls drawing upon a

vocabulary of hundreds of words, the number of possible responses is astro-

nomichl. How can this be handled? . , - ;

nevertheless, sufficiertly limited to be tractable: No attempt is made to
recognlze”arbltrary student responsei such as "cook me some apple pie". .
‘. With this quite reasonable restriction the situation can be handled by using
’-,~£h2\;vocabs- command ~ (analogous to -list-) .to define a large vocabulary,
with approprlate "gynonymization", associated with a list of -concept- . '
commands (analogous to -answer-) whlch express the basic concepts meanlngful
fin the context of this lesson.

lnhﬁon ) The first word 1p,¢he tag is "soluble"-which i1t finds is the third
,wmwmm»-~—mfm§'fﬂznt word in the vocabulary, dlrvountlﬁq the 1gnorable or optlonal words
"ig,it,a" etc., and lumping gynonyms together so that "dissolve" is also
congidered a "ntmber 3" vocabulary word. ‘4The next word of the tag is "in"
which TUTOR throws“ﬁ?uy becauge the -vocabs- gays that word is igrorable.

a

. PR ’ . ’

o - - o N gy 2 - . . \
» ", : . o/
f[: l(:* Y S o - ‘ - -

i o v IR P _
F4 ' = - ~
J . . - H
4 o .

N 7 s .o _
« Although; the context isfar broadeyr thaﬁwthat of a language drill, it is,

. Here is a fragment of the -vocabs- command:
-\ vocabs labtest $$ vocabulary must have a name. :
y ) : <ig,it,a,does,in,what>
: (color,red,blue,green)
(water ,Hp0) -
* (dissolve, soluble) *
. -7 . o’
.m/ .
[ - : .
TR
/ .
and here are a couple of the many -concept- commands:
& . :' 8 ‘
o
arrow 1213 < . ' , i ) o
“ concept what color ’ ’ :
write It is red.
- , concepty soluble . in water
) ¢ write It's sl;ghtly soluble ¥h water. R
I . St . / ‘g’ ‘ — " '\
N . |
: ’ . \ 9
Congider | shat TUTOR does with "concept voluble in ‘ater" It knows
) " thad -von(uth has a tag consisting of words defined by la previous -vocabs-.
.. " (As jusual with| such matters,..the <vocabs- ghould be at the beginning of the

"

E
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The next, word ig "water", which is' in the. second set of important -vocabs-
synonyms. The net resul}t is that "concepthSTEBle in water" is converted '
to the sequence "3 2", » » .
. ' N N . . .
Now consider a student in this lesson who types "does it dissolve in
O". Superfically this looks quite different from the -concept- tag
R ."soluble in water!. But TUTOR encounters -a =concept- command which, unllké
-~answer-, indicates that the student's: responsétshould be looked up_ in the
defined vocabulary (in the case of -answer- there is no one vocabulary set " J
P begause each -answer- may ihclude various -list- .references and particuLHr R
! words specific to that -answer-.) By a process identlcal to the conversig] W
of the author's -concept- tag, TUTOR converts the student s response into ‘~')k
!

I

"3 2". This"compact form "3 2" does not match the first "concept what colo Ly
(which was’converted to "1") so TUTOR proeeeds to the¢ next judging commandi 4
which is "concept soluble in water" or rather its converted form "3 -2".
This matches, so judging terminates and regular processing begins. The . *
, student gets a reply "It's slightly soluble in water,ﬂ ) i
#otice that the first —concept- encountered triggers the transformation
* of the student's response into the compact.form suitable -f6r looking through
a very long list. of concepts. g; the -vocabs- contains’ an entry such as
(five,5,cinco), the'student may match thiis entry with""3+2", just as in an . '
* =—answer- statement involving numbers,
. o .
You wil] have to experiment g little with this machinery to' learn how
o besgt to m?nage\the synonymization in the vocabulary. This does dgpend on the
* context. In an art lesson it would be disagtrousrto call-red and blue
synonyms as was done hére, but it makes sense in this context where the only,
concept related to color has to do with "what color is it", which means-
.2s8entially the same as’“@s it red" or "is it blue". -

. 4
© . . .

° You will find that the use of words not defined by -vocabs- will result
in a markup indicating which wards are undefined (-you will seg&gyuuu for SN
unknown under these words). If ydur context is such that you n¥ed worry only
about key words and don't care if the student asks "does it dissolve superbly
in water", You might precede the first R\pncept- with a "specs okxvocab"
which says that extra studernt word not found in the vocabulary may be ig-
nored, ag though they had been so pec1flz§\1p the —vocabs— tag. In that
case you need not define any 1gnorable words -with-: Jvocabs-, but you would
write "concept dissolve wated", not "concept dis0 ve in water" gince extra .
author words arc.not tolerated. I1£, you don't bpp@s okxvocab", the
. gtudent's word "superbly" will be marked hduuuuup) If the student misspells
5 g a vocabulary word, that word w1ll bé undewl ned saluble in water. -

v ‘Here is an alterndtive and more detgﬂ &Ak@rsiOn of the heart of ﬁﬂe ~
" dLalag lesson, which illustrates sdveral p inds.  This is a Trather complex .
- txample which brings together many aspects ofﬁTﬁTOB Note particularly that ‘
thﬂ -concept— statembnts now are listed one dfter afiother. The:variable |, -

, oo ,
. Y ]

L Eal . 1 -~ .
s . : . . . . .
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"unknown" is a number from 1 to 4 associqted with which compound the student
is .attempting to identify. The system variable "anscnt' is set to zero when
judging starts (and when a -specs- is encountered) and it counts the number
of =-answer-, =-wrong-, ‘wok-, ~no-, and =-cohcept- -commands pagsed through.

If the third such command terminates judging, "anscnt” will have the valug 3.

If no match is found, "anscnt” is set to -1.
i < | : o P
arrow 1213
wrong what is it ) !
write That is for you to determinel! v i
specs 4 $$ to clear anscq& again _
goto anscnt>#,unknown,x " ' -,
writec vocab,I don't understand your sgentence.,
The uuuu words are not in my vocabulary. y .
‘.. concept what color
concept soluble in water . o
! concept boiling point , - P
: » - ) .
unit unknown “ : . B . @
goto unknown-Z,rep1y1,rep1y2,rggizi:jfply4' -
*
.. N
4 . unit reply1 ’ ‘ : - i“—
writec anscnt,,,It is colorless., ’ )
. It.is slightly soluble in water., . e
The boiling point is 245-247° cC., ¥ :
¢ ) . 4 . . .
) :Q o . . .o

"Thd statement "wrong what ié?ﬁt" is necessary because a

"doﬁcept what is it" containg only ignorable words and would, therefore, not’
distinguish between "what is it" and "does it what", which also contain -
only ignorablé words. . Since ~gpecs- regets "angent" to zero, "angent” will
have the value 2. if the gtudent's response matches the gsecond -concept-
1"sgluble in water"). 'N® regular commands follow this -concept-, Go TUTOR
goes right to the -gpecs- marker to execute the regular commands therc.

Sinece "ansent" is greater than zero, TUTOR does a -goto~ to unit "unknown",
where there is a -goto- to unit "reply1" (assuming we are,working on unknown
number 1), 'which writes "It is sllghtly aokuble ,in water" oh thg utudent'

9cxeen.} . ] s L e . ¢ - ' -

- - . B
3 - - ERE 9 - .-

This tructure makes -it v z eagy to add a*fifth unknown camipound to 'the. T
"lesson. The =-vocabs~ and list of -goncept- commands do not have to be changed,
since, the basic concepts and voca?plary are pertinent to the analysis of any .
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. ' Ty .
compound. All that is necessary is to add "reply5" to the end of the con-
ditional =goto- in unit "unknown" and to write a unit "reply5" patterned :
after unit "reply1". All done! ¢

A - o : P

o

What “happens if the gtudent says "it what' does"? This will not match,
the -wrong- nor any of ‘the -concept- commands, so anscnt“ will be -1.
Therefore, the -goto- just after the -specs- will fall’ through to the, following
-writec~, which gives one of -the two messages dependent ‘on the system variable
I "vocab" (true if all words found in vocabulary, false if some words not
found--those having uuuu underneath them.) In ¥his dase the student will .
. get, the message "I don't understand yourLsenteﬁce", whereas if he éays . ’
"what is elephant" he will see the uuuu's under "elephant" and get the message
N '""Phe uuuu words are not in my vocabulary". . '
\\\ That was a fairly complicated example, but the discussion is justified
by the general usefulness of many of the techniques epployed and by the
extraordinary power such a structure yleldg, both in its sophisticated
handling of student responses and in t@e ease of expanaion to additional

-

options.
: SUppoge the -arrow- is in a unit "analysis". . One way to proceced from
’ one question to the next would be®eo place a "next analysis" in this

unit. There is an elegant way to avoid erasing and recreating the display
_associated with this upit. Instead of proceeding, let's Judgé each regpongse
"wrong! so that we stay at this ~arrow-. Replace the -gpecs~ command with*”
these two statements: . . i

@

" gpecg  nookno $% so "no" doesn't "appear
judge  wrong )

L : : .

. . [ ¢
Degpite its name, -judge- is a regular command, not a judgi%a command. It
can be used to alter the judgment made "by the Judglng commands. . In thig
case, TUTOR flrvt skips over this regular command to get to the -cencept-
commands If one of .thece matches the student response, TUTOR makes an “oF"

- Judgmont, but ypon going to the -gpecs- marker TUTOR finds a "judge wrong" !
which overrides the earlier judgment. TUTOR keeps going, procesging regular
commands, and produces a-message as we have geen before. The "nookno"
speciflication pregents a "no" from appearing on the screen’ ‘and the student :

) simply sees our message to him. But the -arrow- hag not baep satisfied, so I

N e e ‘when .he presses NEXT, TUTOR erasec the res gpongse and waltg a new responge.

LN e e Ehch.tlme, the student gets a reply to his oxperlmentFl question, and the

. "wrong" judgment takes us back to the -arrow-. !‘ 1 ) . ,
f ' ¢« - §
4 |

/ S | D

ERIC S g e | N
| . . - . J ) I o
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This is a good way to manage the screen because only a small portion ‘
of - the dgsplay changes thé surrounding text and figures remain untouched. R
The "next analyalﬁ" re-entry to' this sanie main unit would quickly get

tiresome because of the :gpetltlouﬁ‘reploﬁting of the aurrounding materlal

RIC,

i e R
»

option),

n

You now should he ableMo use -answer-, -wrong-, ‘and -1{st~- in situationc
where the vocabulary is small and -concept- and.-vocabs- where the vocabulary
is large. You hawe seen how to use -specs- both to specify various judging
options and to mark a place where post-judging actions can be ceéntralized.

You have seen one form of the regular -judge- command: '"judge wrong".
overrides an."ok" judgment made by an -angwer- or -concept-. In fact, while .

<wrong- is ‘the-appropriate oppooltc of, ~answer-, currently the "opposite"’

I3

of -concept- must be 1mplemented by a“~concept~ followed by a "judge, wrong" N\
since there is no wrong" form of the -concept- command. -
There is a partlcularly convenient way to make different concepts t'/ .

7~

equivalent, ,including different word orders : P

concept digsolve in water . ‘ .
- water soluble ‘ -
drop in water ' ) '

write It's soluble in H,0

N

<

b

°The'"continue(" -concept~ gpecifies cynon&mous concepts. If the student's - D
recpopse matehes any of thesé three concepts the samé message will be given. .
Algo, "angent" will be the Co

same no matter. which of thege makes the match. "
Use of -vocabs- makes posgible the underlining ‘of misgpelled vdcabulary :
words (or their acceptance with a "gpecg okopell”)y just as with the

-arfgwer- command. Similarly,. "specs noorder" can be used to opecify

that n¢ particular word order ic requxred There io a -vocab- gommand which °
permits a larger vocabulary at the' price of giving up these ogpelling and
order capabilities. There ic an -e¢ndingo- command whieh makes it easy to
expand a vocabulary in terms of word roots -plgs endings.

,
’ . :

The —judéc— command :

. . .
Y
. ¥ R

We have ecncountered” the reqular command -hidge- (net a judging commandl!)  *
and geen ene uge of it to "judge © wrong" a regponge that had already reeeived

an "ok" judgment. The =judge= command may alco be ugped to "judge ok", a . .
agponge independent of what a.previdus judaging gommand may have had to scay, N
.Thvro is a conditional form- ‘ . . . 4 :
. ) s
judge - Bx—y,ok,x,wrong-, : . ' X #l < ¢

¢ . . . 3

‘or nbt alter the current judqmont”fthe Pyt

or mdake tht judgment "wroneg" depending on the condition "3x-y".
' . . [+ .

will make the judgment. "ok,
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unit

/:jzajudge )
. wrltec

Here is a useful example:

negative .

num<ﬂ,Goodl That's positlve!

¢

" at 1214
* ‘write -Give me a
negative number:
- arrow 1516 ‘ )
store - num . .
write Cannot evaluate your expression.
ok . $$ terminate judging
num<g, 6k ,wrong N

We could Just as well write "judge "num<ﬂ.x.wrong" since the-q\}glnal
judgment was a ‘universal 'ok'. (Later we will study =-ansv- and -wrongv-
which are also useful in numerical judging )
We have been using the -ok— or -no- commands to terminate judging
' unconditionally, as in the last example. It is sometimes useful to be
P able to switch in the other direction, from the regular state to the
judging. state. For example. suppose you want to count the number of
‘attempts the student makes to satisfy the =~arrow-:

.
.
-

. calc attempt &g ' -
' arrow 1518 , '
ok 4 '
calc attempt o-attcmpt+1 |
<:§:9judge continue
answer cat .
N etc.

. : . ®
.

Judging starts just after the -arrow-. The -ok- terminates judging to
permit executing the regular ~calc- which increments the “attempt”
counter, Then the regular -judge- command says "continue judging",
which switches TUTOR back into the judging state to examine the —-answer-
and other judging commands which follow. If. the response-is finally
judged "no", the student will respond again. apd since judging starts
_each time from the -arrow-, the " ttempt"counter will record each try.

A COMMON MISTAKE is to leave out the -ok- and "judge

. ., .permit counting each attempt. If you write
¢

continue" which

: : ' ' .
- N
: -

- . Ce
. . s

: calc. ~ attempt<=f _ . i

, arrow 1518 (’ Lo ) o

~ calc attempt ¢=attempt+1, ’ : : \
answer cat .

- t4 S~ - . . . -
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'.then "attempt" will stop at dne. TUTOR initializes "attempt" to #,’ hhen

encounters thg -arrow- and notes its position in the unit. Then the following

-calg- increments "attempt" to 1, after which the -answer- judging command
terminates this regular processing to await the student's response. The
student then enters his response and TUTOR starts judging. The first command
after the -arrow- is the increm ting. -calc-. which is skipped because it ig
a regular command and TUTOR is l6okThg for judglng commands. This w111

o happeﬂ on each response entry, so "attempt" never gets larger than one.  This

.explains the importance of bracketlng the =-calc- with ~ok- and

"judge continue". : N
. v Y

> . Lo ' -y

a related option is "judge rejudge" which is similar to -

"judge continue". We have seen that "specs bumpshift” alters the "judging
copy" of the response by knocking out the shift characters. The judging copy
is the version of the response which is examined by the judging commands

such as -answer-. This version may differ from the student's actual response
due to various operations such as "specs bumpshift". It is also possible
to ~bump- other characters or to =-put- one string of charactérs in place

of another. All such operations affect the judging copy only and do Npt

. touch the original response, which remains unmodified. The statement

"judge rejudge" replaces the judging copy of the response with the
original response, thus cancelling the effects of any previous modificatiéns
of the judging copy. It also initialgzes the system variables assbciutnggh
with judging, including "anscnt". It is, therefore, much more drastic th
“judge continue", which merely switches TUTOR to the judging state without
affecting the Judging copy or the system variables.

Another exceedingly useful =-judge- option is "judge ignore" which
erases the student's response from the screen and permits hilp to typge another
respon'se without first having tb use NEXT or ERASE. Unlike "judg wrondg",
"ok",or "continue", "judge ignore" stops all processing and awafts new
student input. Even the commands following a -specs- won't be pdrformed. ‘
On the other hand, TUTOR goes on to the following commands after |processing
-judge- with tags "ok", ' wrong", or "continue'.

A good example of the heightened interactjon- sible throygh the use.
of "judge ignore" is the following routine ich ermits the student to
move a cursor on the secreen. We use the typ iter eys d,e,w,q,a,q,x, and c,
which are clustered around a 3 by 3 square ©n the keyboard, to indicate the
eight compass:directions for the cursor to move on the screen. These keys
‘have small arrows on them to indicate their common use for mdving a cursor.

v

2y

-

Jr—



‘ Judginig. This leaves the student in a state to type another letter on the

effects. L ' : -
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unit cursqQr -
calc x ¢y 258 | $$ initialize cur;sor posit:.on

_ dx<=dy =18 .! $$ cursor step size . .

¢ ,do  plot $$ plot cursor on screen . /.
-inhibit arrow "~ $$ don't ‘show the arrowhead .
arrow - 3281 -~ & - :
J’ long . 1 ° o : o . :

. specs , $$ come here after Jjudging . ,
goto ', move $$,-goto- is.a regular_ command ;)
answer d $$ east: anscnt=1 ; .
answer e $$ northeast ) I St

4 answer Lo, : $$ north 3 ‘ R

© ' answer. gy, $$ northwest "4 ‘
.answergmﬁké ‘ $$ west 5 h i ' ,
answer A . $$ southwest * 6
answer x "+ . 8% south 7 -
answer ¢, ' $$ southeast 8 | -
ignore, . $$ equlyalent to: { no ) . ¢

© o * Y judge ignore . ,

unit - move . ! ' ’ VoL
* erase old cursor )y .
mode erase’ : a 7
do plot . i
mode write . . S

* *increment x and y on the basis of"anscnt" oo

calecs -anscnt-Z;xQ:x+dx,x+dx,x x~dx x-dx,x-dx, ‘
X, xkdx - T - ' coe

calcs’ anscnt-2,y<=y,y+dy,y+dy.y+dy;Y:' : ’
y-dy,y~-dy,y-dy ,
do plot . . ’ S N
* ,===> judge  ignore . . Ce :
L - S - ‘ —
unit “ plot - - ‘ o
at X,y ’ ) : K '
write + . $%$Muse "+' for cursor P .
] - —./VJT’ »}h\>

This routine permits the student to move the cursor rapidly in any direction
on thesscreen. A letter which matches one of the -answer- statements:will
cause the -calcs- statements to update x and y appropriately to move in oné : —
of the eiyht compass.directions. The "long 1" makes it unnecessary to '
press NEXT to initiate judging, and the "judge  ignore" after the replotting
of the curgor leaves TUTOR again awaiting a new response. The "judge ° ignore"
greatly simplifieg repetitive response handling such' as arises in this example.
Normally such a cursor-moving routine would.be associated with oﬂllons to "
perifform some action, such as drawing a line. This makes it possible for
the\student to draw figures on the screen. '

In addition’ to the -judge- optlons discussed above, there is a
"judge exit" which throws away the NEXT or timeup key that had initiated = -

end of his response, This can be used to achieve special timing apdlanimation
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ling various Judglng aspects. The —ok- -no-,and ~ignore- are
, commands which somewhat parallel the "judge ok", "judge no",
, *"judge  ignore" options. The "'pdge rejudge" and "judge continug"
’ optlons make it  possible to switch from the regular state to the judging
;? " state with or without reinitializing the judging copy of the student rkesponse
b and the system variables associated with judging, All of these option
may appear in a conditional -judge-: O

, .
judge expr,no,x,ok,conginueyyrong,rejudge,x,ignore,ok V.
, \ . . ;

wi h""x"-meaning "do nothing". The subtle difference between "judge rong"
afld "judge ' no" will be discussed in the chapter on "Student Response Data".
asisally, "Judge erng is used to indicate an anticipated specific

ong response, whereas "judge  no" 1nd1cates an unanticipated student
response. Addltlonay~-3udge- options are "quit", "okqult", and- "noqult”

’ﬂf}ﬁding key words: /ihe -match- and -storen- commands-.,” _ /\
e 'v . )L ]
The -natch- command, a judging command, kes it easy to look for key *
words in a student's reisponse. Not only.wit‘?ait find_a word in the midst of
a sentence, but\ it replZceégthe found-word in the judging copy with spaces .
to facilitate the further™use of additional judging commands, including. v
-match-, ' to ;analyze the remainder of the response. Here is the form of a
-match- statement~ ) ' :

o

match " num dog.(cat fellne) horse,(p1g,hog,ew1ne) . oy
2 1 2 3 " T
Here "num" is a variable which will be sét ,to =1 if none of the listed words
appear ;n/the student's response, to # if "dog“ appears, to 1 if "cat" or
"feline" is present, 2 if "horse®is in the response, etc. In amy case,
-match- terminates judging, with a "no" judgment if num=-1 or "ok" otherwise.
What if more than one of the words appears in. the student's response? Suppose

- the student says . A .
N . . v - . . .
- * "horse and dog" : . _ ., : “ e
In this case "num" w111 be set to 2 because 1n looking at. the flrst student - QE‘ ’
-word we find a match (horse), The judging copy of the response is altered *\‘
by replaclng "horse" w1th space% so that it looks like. ‘ T
. . s . ~ \
" | and .dOg . . ‘ . . ’ . . . \\
If we were to execute the same -match- again we would geﬁ the number ‘g ) \x

corresponding to "dog!, and .the judging copy would *then look like

‘" and "

h . -

Note that -match- always terminates judging, so that a "judge fcontinue"
is needed before anothéer -match- can be executed. Also note that the key-

N“\ﬁ\ words are pulled out in the order in which they appear in the student's're-
' . sponse, not in the order they appear 1nAEh -match- statement. - - ;
. ) . < . ‘

. - - . | o
o . ) -

k .
\ .. .. e N
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Now let's do some useful thlngs with*-match— . First,géeﬁcan itiprove
greatly on our cursor program: ° . -

- : oy
- T
\ \ s N P
. ‘ ¢ . . ]
N 3 - . . . .

i

. inhibit -arrow o e
) . .. arrow = 32f1 ' « : S e e Lo ]
- long 1 " L ’ T A 't
»match num,d,e,w,q,a,z,X,C ' - HE
goto num,Xx,move ’ ' . mel o A L

judge- ignore : R

N : 3

with unit "move" uhchanged.except to replace (in two places)  the expression

"anscnt~-2" by the expression "num-1". We see that -match- ig useful for

converting a word to a number which represents-the word's positionin ‘& list.
R e

. Another goodd use of -match- is"in an index:

unit  table .
e

\A ' term index , . - A ‘ Y
Dl at - 1211 : SRR IR

(3

N\ write Choose a chapter. ‘
' : ¥ - a) - Introduction : ’ A
o + b). Nouns o : o °
' .C) Pronouns : '
e p * d»._Verbs ' .
arrow, 1822 rS\tjj:; . : '
: lozy/c 1 > - ’ . .
: ‘\}a ch  chapter,a,b,c,d . ) |
calc ' chapter <=xchapter+1 . -
\\\\ jump chapter,x,x, intro,unoun,pron,ve
write Pick a,b,c, or 4. . ) f
AN . . ‘ .
'Notice that we must increment "chapter" by one if we want top1c "a" to be
] ‘chapter 1, sincé -match- associates @ with th f1rst element in its list"
s (because -1 is reserved for the case where no h is found) If no match
. is found, therxe is a\"no" judgment. ‘ B
PR . ' U
These appllcatlohs\bar;ly scratch the surface af the power ‘available
through -match~. Here are.some other ideas: . .
" “+ ..
1) Use -match= tQ pull out negation words such™sg ‘no, not,
. i never, etc. "judge \Qpntlnue"'and use ~-answe or -concept-‘
. . commands to analyze the ‘xemaihder of- the response. You can
in this way’ 'separate the baslc oncept from whether it is
) . . ‘negated, with the negatlon info tioh held in the -match-
N o o variable for easy use 1n\cond1t10na statements.

. _ . .
- N - \ I -

.-y




‘=gtore- will handle much more complﬁcated expressions including variables °

/ . : : I -, 7
/ . '\ - v;a ' - '
/ 2) -match- is useful in identifying and removing a directive - - Ty
~ . " before processing the rest of the information. This comes . ',
R up in simulating computer compilers, in games' ("move" or .
N capture" such-and-such), ete. !

- w

(3

A related command is =-storen-, which will'find a simple numeric. enpression

in a sentence, store it in your specified variable, and replace the expressian
with spaces. This is particylarly useful for pulling out several numbers; /

v
as well as numbers, but can'get only one number. For example, the studeqt s
might respond to a question about graph-plotting coordinates with -

"32.7,38.3". These ‘two numbers can be acquired by: e !
. arrow 1215 - A ! R
gtoren x : . . o . .
L write You haven't given me numbers. ' ,
' e - gtoren y NS : B ’
s Write You only gave me one number. o ' .
_ answer . $$ remainder should be: essentially b&ank .
n“oJ ’ . * et ' l ! )
write There should just be two numbers. S .
Liké -store-, -storen- will ‘terminate judging on an error’condition {that'no . °.
number was found). In the example, the first -storen— rémoves and stores |, 2
one number in "x" and the second -storen- looks for a remaining number to i T
store in "y". .The first -storen- will term1nate~3udging if there areano - .

numbers--the second -storen- if there is no number remaining after one has .

4been removed. The blank -answer- will be matched if only punctuation such

onmmas remains after the .actions of the two ~storen-s. , _ \ . e

Mumer i l’agd‘algébraic judging: -ansv- and -wrongv- : e T \

We haVe”already hadasome experience in handling numerical and algebraid ' A
responses by using -store- to evaluate numericallythe. student's. expression.’ _
The -ansv- (for "answer is variable") and -wrongv- judging commands evaluate. ', = ¢
the student's expression in the same way as, -store- ‘and also perform a

compar1son w1th a spegified value.

The -ansv-~command is useful in association with -store-. If you ask

‘the student for a chapter number or a launch velocity of a méon rocket, it
-is convenient %o use ~ansv- to check whether his number is w;thin the range

you allow. For examp&e~

- . N l / . ’ » . ) . ) C ) N v "
3 - ’ |- ' ’ e
: - S ~ L
arrow 1314 =~ = ¢ , ;o
- 'store  chapter i : : . S

ansv. 5,4 - ST : v
L. " no e B . , . -~ . _ o .
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-* Bnother commoriuse is in arithmetic drills;

L., VII - 26

¥

' define: £=v1;c-v2 . .
", unit  drill ~ $$ multiplication drill
R next drill T s
randu \ b,18 $$ pick-an integer from 1 to 18
] \randu L c, 18 $s pick another integer ?
N at 1513 .
. write What is <(s,b)> tmes gs,cp ?
farrow 115
. .. ansv bxc -1 no‘toleranqe,ﬂ
. write Right! ' A
) - wrongv -b+c . : ‘
* write You added.
wrongv bXc,1 . $$ plus or 'minus 1 °
v write ' You are off by -1. SRR
&\ ‘wrongv bXc,28% « $$ plus or m1nus 20%
r write , ¥ou are fairly close.
: ' no . '
. wrlte You are way offl )

1 4 -
The Qxlll as«wrltten w1ll run forever. It could -be mod1f1ed to stop after L.
- 5 straight , correct responses, or after some other c¥iterion has ‘been met.
Npte that' the response "he" or "bxc" is” “judged@ "no" (unless you define these
viariables in the "student” set of definés). It is, however, _humorous, that ’
the student need not do any mental multiplication, for:if he is asked to
'multlply 7 times 9 he can respond with 7X9, which matches the -ansve!

. \ ) S
Let's make a change to requlre some multiplication on’ the part of the

student" , MR

bxe - . T

‘. ansv :
; judge ' opent=@,ok,wrong L L
: writec opent=g, nght!,Multlply! , ; ) C . .
T.wrongv  b+c . o .

a J . 4 o

-

v\ : o . ) ‘:{

"Do not define "opcnt"- it is a system variable ‘which counts Ehe number of
6perat10ns in the student's response. If the studeng says "7(5+8+3)/2"‘ e
then "opcnt" will be 4 -because there are . . s

» . -

o

1) "an (1mp11ed) multlpllcatlon (7 t1mes a parentheslzed expression) ;
2) two additions; . “ - ) e : .
3y a’division. |’ ‘ L - o

In this drlll we want the student to glve the fesult with no operatlons,
so "opcnt" sheuld be zero. ("specs noops,novars" can also be used to
' preyent the student from using operations or variables in his response.)

* .

... .—/I

-~
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"Recall that thevfirst ~concept- cdmmand-encounﬁeiéd will trigger the

-

reduction of the student's response to a compact form, th;ough the use, of
‘the «vocabs-. This compact form can be tompared rapidly against all succeed- -
ing -concept- commands. Similarly, the first -store-. or -ansv- or -wrongv-
causes TUTOR to "compile" the student's expression into a form which can be-
evaluated extremely rapidly when another of these commands is encountered.
It is during the compilation process that "opcnt" is set. Just as the
, " ~vocabs=- ‘list tells'!QEpR@how'to interpret the student's words, so the

’ - "define student" set 'of names télls TUTOR how to treat namés encountered
; in the compilation of a student's algebraié response. 'So'there are many
parallels between -ansv--and."define -student" on the one hand and -concept-
and -vocabs- on the other .* - _ e
. B ‘ . : : o . l-, .
o Let's look at an algebraic example, as opposed to the numerical examples -

" we have tréated: . o o ) ,

"
?

define student

e e e Xl : , -
! "~y unit . simplify - o v : .
L. L . at 1215 . 5 T L S
. ,\' ¢ write simplify thé expression _— .
' . » n&"“”?Z:jgi 7 +.2x -5 o S . .o
. . xandu . $$ pick a fraction between # and 1 s
A , calc X $&=x+1 $# change to 1" tor 2 range : ; . K
arrow 1418 - : .., v . K
_ ' ansv 5x+2 | - $$ @ tolerance G ‘ o -
. : ‘ goto varcnt-1, toofew,x,manyvar -  $$ how many x's
goto ‘opcnﬁLg,toofew,x,manyop $$ how many operation§ B .

wrongv 5x+13 " o ,
write You should subtract 5, not add it.

_ no . ' ™
' ' goto formok,x,tellerr L
: * . ’
" unit toofew : o ]

write, Your expression is not sufficiently general.

judge wrong - - - : o .

& . . \ , o \ \
unit ° manyvar . . A '

write "x" should appear only once. . .

~ . judge wrong
* R

. -unit h manyop
, write . Not simplest form.
" - ' 2 judge '\wrong o
1] ] . / aI{ . . .8 v : i .
7..Unit "tellerr" would cont a -writec~ involving. the_system variable
"formok" to tell the student precisely why his expfe;bion could not be
evaluated. . There®could be several -wrongv~ statements in thé examplc to
. check for various gpecific errors. The syétem variable "varcnt" during

- B . -

7 o B -



_of 4 (two implied multiplications and two additions).

A I 1Y L K L \

? . w , .
compilation of the student 8 expression counts the number of references
to variables. For example, "x+3x+x+2" is numerjcally equivalent to  (5x+2),
so that this response will match, the -ansv-, but “varcnt" will be 3 becau A
"%" .is mentioned three times.  If both x, and y were defined, the expressio
"2x+y+4x" would yield a “"varcnt" of 3 (two x's and- one y) and an'"gpcnt"

.’

A} -

In this way. “"opcnt® and “yarcnt": may be used to distinguish among
equivalent algebraic responses which differ only in form. Roughly speaking,‘
what is usually called "simplest algebraic form" often corresponds to’ Ehe

”»

smallest possible values of "opcnt" and "varcnt", .
) AN v ¢

- There are some minor technical points in the above example. ~-randu-

' with only one argument produces a fraction between # and A I this shpuld * °

Happen to Be very close to # then "x" would’'be unimportant in the expression
(5x+2),, s0 i seems better to add ope to make "x" have a value between ‘1’ and
2, which is womparable ‘to the othe quantities id the: expression. - We

could have. used khe two-argument form (e.g., "randu x,8") to pick an
integer value™for "x". But” suppos TUTOR chooses the integer 2 for "x": .

then a student who happens to give/"12" as his response will match.the -ansv-v

by accident since \5x+2 ="5x2+2 = 1@3%2 = 12. On the other hand, with TUTOR.
picking a fraction the student would have, to type. something like oo

%G, 93172462173" to accidentally match the -ansv<. This just won't nf ppen.

You would Have to type different numbers 24 hours a day for hundreds of years
to matcg accidentally. -If you want even more security against an accidental

‘match,’ JUBt change the value of "x" and check again. In skeleton form

- . ansv 5x+2 S - .
< goto __varcnt-1 toofew,x,manyvar : o
goto . opcnt-2, toofew,checkup,manyop~ ’
: Wrongv '5x+12 ;

3

) “ HR
v

. - ¢ .
‘ . - 9 .
- > . ¢ "

: N P . . . X . ¢
.s.-unit checkup . 7
randu . x . $$ .new value of x . '
T calc ., x<&=xM1 - A _
judge . continue . - o e L ' PN
ansv’ 5x+2 . $$ try again :

. © - . . o
- ]

- L] . . . .

A further check is that we require exactly one "x" and ex?ctly two operations.

e

-

.There is a way to glve detailed feedback to the student in .case his

‘expression is not algebraically equivalent tq the desired expression (5%+2).

M . . : ) s
T . ., - .
- . i . .

L,
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»Maniﬁ}mdentscan handlel a numerical example even if an algebralc example

© S

~ which it should in the case

' response, let TUTOR pick a random\value for the independent variable x,

. T VII - 29
L ,

v
s . '

,Suppose hiS~dncorrect expre551on is "6x+2", and thap you have done a

-gtorea~ to save the Fesponsq and a -store- to evaluate it for some 1nteger
value of x.  Then askj the student this questlon- e -
{ . - : . . .
oo - | L " - \ .
- ¥ R , . 4 . - .

[}

o
e ss e

is the numerical value of o ‘
s,xP0+7+2(<s;xP)-5? ’ ‘ . S

by write Wha

If X 15.4, this w1ll pear on the screen as: ™ , 8
i . . . o BN
R Whatlis the numerical value- of : P
. . 3¢( )+7+2(4)65? 1 R T : . N ‘a\

¢ . ©

hem trouble, so\ his studént is likely to reply correctly, either
, that this expression gives 22. You can then . \ Y
atement (assuming his alphanumerlc response is in g
1 "result"): Loy

give
with or without some he
Yeply to him with this
"string” and its value i

expression, <a,string,count}p ,

e write -But yo :
' s,resultP in this case. ‘ ' - : ]

gives

If his response was "6x+2'\,

with a value of 26 if x is 4, Fhis appears on
the screen as : '

a . . -

. N . . . .
. . . .
h )

But your expression, 6x+2, o L L e S Ral
' ' “gives 26 In this case. , LU o g\? T
‘ , : IR : AT N °
The student now sees that hi efbression "6x+2" does notzbivejthe‘Value 22

ere x is 4. You have fed back to him his owsf
expression, evaluated for a pirticular case where he-can see ‘there is a )

confiict. In other words, angthing he says may be usék against ‘him! There ‘
is here ah opportunity for the)student to_learn by example a useful technlque T~

.in simplifying complicated expxéssions: tryvsome numer1ca¥ cases for which .

plified expression, |,

-

you know the results and see whether they agree with the si

/-
.

~ It is possible to judge e tlons as well as expressions. Suppose(we
ask the student to simplify the équatién "4x+3=x+12y-5". A suitable response ]
might be "12y=3x+8". or "x=(12y-8)/3". Every time the student enters a. A :
and calculate the correspondlng'value of the-dependent variable ‘y:
14

e . . . )
. - . . . . »

- ‘\.:»».‘
h
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y4=(3k+8)/12. Then any correct equation will ‘be ‘true’ (with value -1), and "
an 1ncorrect eéquation will be faise huth valueﬁ) Here is a unit embodying

these concepts- ; - o . .
; define student,x=vi,y=v2 : ‘, o Coe
‘unit equate o S v . ' 4
“at 1295 . " L . ' : A TR
write - Simplify the equation B - Y L
. 4x+3=x+12y~5 - . . . ‘ : v .
L _ arrow' 1718 B 5 i : el e e
"ok - ) . L . ,‘ﬁ , ) . . . “" 4'-. .
randu : ' $$ random.x on each judging - * . ]
. - calc +1- _ , .- . . ey
o yc=(3x+8?7124‘ $$ y depends on-x . .. % R o,
judge .continue - i S SR ’
angv . =1 o $$ ;og;cal trqe , i
~ - goto .ident L. : '
wrongv g C $$ loglcal false' o
write That is false. S
g no .- ’ $$ anythlng else RN
’ . write .. Give me an equation! - ", o
B N * . ! 2 ’ : . . .
. “ unit- ident o . L e
- calc | y<=3.72y ' $$ change‘y arbitrarily » : ,
. judge = continue - . : ; .o
* wrongvy =1 . $$ should not now be true oot L,
write That is an 1dent1ty' PR - L . fﬁ,
ok . [ T e .
judge varcnt>2 wrong,ok , s .
: writec¢ varcnt>2,Not s1mp11f1ed.,F1ne. o TR

4 A . .

If the student writes ﬂ3+4" th1s expresslon has the numerical value 7,-_

' so the reply 1s "Give me -an equatlon'" g . T » v

.
..‘u
. - L} M Fr
” .. ¢ t

If the student writes. "3—4"' this eipression has the numeérical value goy -

| since’it is logically false, ang/;he reply 1s "That is false." _ . A

o

‘. 4. i - .

N . « i} «

If the student wr1tes«"32+5=17 -3", which is equlvalent to 14—14, TUTOR
replies "That is an 1dent1ty!" ‘The student.'s ‘responsé’ is truej 14 does o
equal 14, so that this true, relatlonshlpzﬁas the wvalue :T, which matches @hev
-ansv- statement. There follows a-"goto ident", where the dependent
variable’ y is changed sé that it no longer bears the correct relatlonshlp to

> IO If the gtudent's response-had been a correcthslmpllflcatlon of the' given °
. equatlon, his express1on wou}d nolonger be ‘true (- 1), since y.is no longer .
the correct functlon of X. ‘In the case .of . "3245=17- ~3", however , changlng A

y has no effect and the value is stlll %1, which matches €he -wrongv-nstate-"'
ment in un1t "1dent".. The student gets the message "That is’ an 1deht1ty!" T

-0
9 . - -

Only . if the student enters a'hon-;dentical'equation will he get an "ok" .
judgment. Note the.check on\"varcnt".‘ The;slcouid also be a check on "opcnt”.

. .oviz-30 - . o
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. - same conventlon, but many students

T Y, VI =317 : I . S
s ) . \‘"- " ‘»‘. e ‘ ‘ . .. . In

5

To summarlze, -ansv=- and =wrongv- are extremely powerful commands for'
“algebralc or numeric responsesy particularly in ssociation with vdriables:
defined in the "define * student" set. The system variables "opcnt"” and
"varcnt” glve you * additional 1nformatlon about "the form of the response. g

‘ by

CAUTION: Since. TUTOR performs multlpllcatlons befoxe dlvrslons (unless -
parentheses 1ntervene), a student~rhs§bnse of "1/2x" is. ‘taken t_,mean ’
"4/(2x)", whereas the student' might have in mind. "(1/2)x"‘ JIt is im rtant
to warn your .students of'thls conventibn at. the/beglnnlng of a lesson which
-uses algebraic Judglng. ‘Scientific Journals and most textbooks follow| this
"terlals use the formg §uor =X or -l— ' These, forms® av01d the” iguities that

arise from the ‘slash (}) or quotleﬁt sign (%) used on"7 single. typewritten

line. It s . hoped that eventually TUTOR will make it easy for students bo

type fractlons with the horizontal bar rather than the, slash or quotient sign..
- Until then 1t is 1mportant to‘p01nt but thls convention to your students.

%
[ ; [ 7

¢ B e . . R
. . ° - - e oo - . [ .
. e . - . [ . -
B 1 . - » .

--Handlifly scientific units% -ansué ;wrongu-, and -storeu— .o

7

- - .

Suppose you want to ‘agsk the ‘student’ for the’ dens;ty of mercury. AL
correct answeér would be 1'13.6 grams/cm3", but there are many equivalent ways-

hto write the same thlng. For exafple, the student might write
"13.6x18” kg/( 01’meter)3" or \"13.6 gm-cm3", and both of these responses are

qulvalent to “13.6 grams/cm?. TUTOR provides a convenient way not only to -
judge such responses approprlately but to-give the,student spec1f1c feedback

_. 1f he makes spec1f1c errors’ such as. om1tt1ng the units or glVlng the ‘right

\unlts but the wrong., numBer.‘- Sl e ' - R . ‘ 0
. - L} . |
W ¥ : \

The TUTOR scheme is based on- the judglng performed by human instructors
when' grading exam questions involving numbers and units. The instructor
makes two separate dhecks, one for the numerical value and the other for the
dimensionality of the uh1ts.'°The dlmenslonallty of density is :
(mass)'(length)'3, and it is the powers (1,-3J that we aresinterested in - -
as well as the number 13.6.  All of the equlvalent correct responses listed
above have a numerical value of 13,6 (in the gram-cm system of unlts) and a

1
v ) . -~

T 108

» ic o, oy . 5 4 - . .

are unaware of th;s. Usually pr1n d ma- ~;§

RN
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mass-length dimensionality of (1,-3). The -storeu~ command (-store- with ’
units) can be used to get the numerical part and the dimensionality if we.

' define the unitspapprOpriately ", .
\ P . 1

b _ define_vstudent $$ units will be ,used by student
. . " units,gm;cm  $$ can define up to 1§ basic units o RN
| /,;p gram=gm,grams=gm,kg=18#fgm s synonyms '
. ' s meter=1@fcm,cc=cm :
* _~"define mind,student - $$ include student define set -
L AY ~um: 1,dimens(n)=v(1+n) $$ see "Arrays", chapter IX
T ,unit- dens : . i k
o - lat 1215 | .
T ' . write What |s the. denSity of mercury?
) " "(Inclyde units!)
arrow - 1618 - . .
== storeu num,dimens(1) o . .
' ;E‘ ‘write ' Cannot gvaluate. : . )
a no o “. . . ’ ) . . ‘ ‘ ' ‘ AN
' goto,  num#i3.6)badnum,x ' - N8
goto .° dimens(1)¥1,badmags,x" .. :
goto* dimens(Z) -3 ,badlehg,x
judge .ok . | IC . .
write Good! ;

.- S -

We will 90 to a unit "badnum"

“badmass", or "badleng" (not shown here) if -

there i$ something wrong with. number, mass, or length.

The -storeu- command

‘has. two variables in its tag:; the First will get the numerical part of the
"student's response , and the second (dimens (1): in this case) is the starting

point for receiving the "dimensional information. ' Here are. some examples of
what will end up in num, dimens(1), and dimens(2) for various student

 (length)~1.

Note in the third‘example that a minus, sign preceding a unit name is taken
as a dash meaning multiplication, not subtraction.
that "kg" brings.in a factor of 1ﬂﬂﬁ reiative to the basic unit (gm).

“responies: -‘ . . -
L g student response num "dimene(1)  dimens(2) :
.1. 13,6 grams/omd . J3e (RN |
YT 1346 13.6  * @ g R
‘ 13.6. cm-gm2 13.6 2. 1
13.6 kg/1ficm . 1-36g 1 -1 - ) N

Note in theé last example
Note

also that,.as usual, TUTOR does multiplications before doing divisions so'

“that the "ig cm" is all in the denomihator, with the result that we have
Similarly, "™1/2 kg" will be taken te mean 1/(2 kg), not (1/2): kg. °

As mentioned earlier; it is best to point .out this matter to the student at

the beginning of the lessen.

-

3

- d 4

L)




VII - 33
, , Like ~store-, the =-storeu- judglng command w1ll £lip TUTOR to the
o regular state (with a "no" judgment) if it cannot' evauate the student's
response. The system variable.“formok"-can be used in a -writec~ to tell
tgiﬁsjudeﬁt why his response can't be evaluated. One éxample pecul ar to
r¥sponses involving units is "5 gramg + 3 cm"; which is absurd. cannot
add masses and lengths, and -storeu~ will give up. On the other hiand, the *
student’ can say "65 cm + 2 meter" and Sstoreu~ will set num to 265, dxmens(1)
to g« (no mass), and dimgns(2) to 1. As another example, "cos(3cm)" is
| rejected, but- "cos(3cm/meter)" is accepted. The argument of most/functlons
must be dimensionless. - (EXceptlons are "abs" and "sqrt".)
¢
. " A related d1ff1cu1ty faces students unless you expllcltly warn them:
"3+6 cm" ‘is rejected by -storeu- although it, leoks reasonable in context to
- the human eye. As far as -storeu- is concerned, however, the student is
trying to add 3 "nothings" to 6 cm, and the units do not have the same
dimensionality. For .-~storeu~ this is as improper as "3 kg + 6 cm". Unfor-
tunately, until -storeu~ (and TUTOR) get much smarter, it W111 be necessaryf
to glve expllclt 1nstructlons to the students that " .

’

. N

1) Multiplications are done béfore d1V1s1bns (unless parentheses
1ntervene), SO that 1/2 kg does not mean (1/2) kg. C

-
-

(R o 2) -Responses such as "3 + é6cm" must be written rather as

) . ’ LI [} (3+6)Cm" . . . . .
e, that. these rules also apply in sc1ent1f1c jqurnals and almost all text-
books, butNyour students may not\be consciously aware of these standard rules.
Given only these standard conventions, -storeu- will correctly hanﬁle an -

enormous varlety of student responses. . o

.
) While, -storeu- can be used to get the number and d;menslonallty, usually
EE w;“' the *~ansu~ and -wrongu~ commands are.used to check for specific cases. Let
. us modlfy our sample unit to use these commands, which are like ~ansv--and
-wrongv- except for checklng for correct units: : L e
: 2 - . "
“arrow. 1618 -
T storeu num,dimens(1)
N write ’ Cannot evaluate! .
o ansu ‘13.6 gm/cm3,.1 : - ~. T
- ‘ \ A ! : < . . . * ’ o~
13/6,41 - , ‘
. _ ‘Right number, but give the un1ts! . .
- (hum) gm/cm3, .1
" ) -Right d;menslonallty, but wrong number! o
] ' . wrongv 13.6, e S
’L';a' : - write Right number but wrong dimensionality.
. o writec dimens(2)=-3;Length ok.,Length incorrect. . .

’ ' : . « . .

. . . ' ’ .

\ . [- )
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o ~ . Y
The -ansu- will make a match only if the dimenslonality i
number is 13.6 plus or minus the tolerance (given as ).
checks for 13.6 (mas ﬂ(length)p; that is,,no un;ts ‘given
-wrongu~ looks for a n

udent gave-+«as determined by -sto
'this -wrongu- will ma

s correct and the
The first -wrongu-
at all. , The second

qual to (num) ; -which it surely finds because

reu-). Therefore,.

if§ the number .is rot 13.6 but the dimensionality is

correct. The =-wrongv,*unlike -wrongu-, doesn't care about dlmensiOnality but

only about the numerica} part. It 1s used here to check £
s "13.6 em™ . ) S

— e

Then-exact--and -exactc-commands:a language drill

It is occaslonally useful in specaal cases to use

i : ’ . \» ‘ [9.

or responses such

ommand léss

powerful than =answer- to judge a response. Suppose_you are teaching the

precise format required on some business form, and you wa
type "A B C" exactly, with three spaces betwegn the le
to "answer A B C" would occur no matter how ude
the letteérs. One space, four spaces, a comma or a semicol

nt the student to
tters.. A match
nt separates

[¢) of these

punctuations are permissible separators as far as -answer- is. concerned.

‘Normally this flexibility is good, for it keeps students £

rom getting hung _
up on pett$ details. -If, however, it is precisely the details that matter

on a partitular response, use an -exact- comman 54 In the present case,
o

the statement "exact A B C" will be match¥d only if
exactly that string of charactexs: A, space, space, space
space, C. B , ’

Y

' At the time-of writing the -answer- command does not pe;mit punctuation .
marks in its-tag, so that a response such as "a:b"™ must be

the student types
» B, space, spade,

judged with an

-exact-. command if the colon is important. While punctuation marks cannot

appear in the tag of ‘the -answer- command, the student can
response. The--answe{; command will treat all pﬁnctuation
student uses as ~ being equivalent to spaces.

It should be emphasized. that it is easy to misuse the

" The student should normally be glven considerable 1at1tude

his response,-such as is'permitted by -answer-, -concept-
The -exact— command should be used sparingly, and only for

use them in a

marks .that the /e

-exact- commané\

in the foﬁm of

and -ansv- ommands.
rather shott re=.

sponses. = If it is 1mportant that Ehe student know the exatt format of»some-

«

rthlng as long as _ : .

. »

b ! 3nows screws/516-213-86xqr4~ New ‘Orleans -

»

> ¢ w'd

]
. -
-

1t would certa1n1y be preferable to have h1m pick this correct form out of.
a displa&yed set of samples*fﬁan to ask‘him tq type it exactiy; Then all'P

need say’ is that 1tem number 3 1s the correct form.

- .

'

z
&



“

} v . : N .
VII - 35 . D .-
- : : . . . . ‘ i : Y V
. ,‘ , There is a conditional -exact- command, -exactc-, which may be used to
: create simple vocabulary drills if the power of the -ansWer— command is not
needed: : * » " o
: : unit es] ‘ ‘ ' = L
) next esﬁg\ . : L ooy
at 1812 o ‘ ' . -
e “ write. Give the Esperanto for T -
' randu item,5 .
at 2815 : . _
writec item-2 one,two,three,four five ‘ . K
arrow .2113. ‘ + o
exactc ,1temw2,unu du,trl,kvar,RV1n ) L ,*; S

You might write yourself a similar unit-to drlll yourself on h1stor1cal dates.
cap1tais‘of nations, etc. This drill has three defects--it never ends; you
may see the same item two or three times in'a rdw; and no help is available
if you get stuck. Let's revise it to have the foldowing characteristics: .

"It should present the five items in a random order but without repeating-

any 1tem, any items mxssed will then be presented agaln, the student may

press HELP«to get the\cgrre?t answer. - v _ » -
We w1ll be usipg a random sequence of non—repeating'item numbers such
as . N R S B o
; . A . E ot
. 4,2,1,5,3. . ;1; " ! '.‘ " Y
This- is called a “permutat;on“ of the flve 1ntegers. Another, different,’
permutatlon is the sequence . ‘ o .
. \‘ {\;\ . i ‘ N . : - . N .
_",’ ) 2,5!3,1;4. . e . A . N
i v ) P

You can see ‘that there is a large number (12@) of different permutations of
f1veu1ntegers. Correspon ingly, there is a large number of different per-
mutatlon sequences for p¥esenting our drill to the student. Such sequences
of non-repeating integers are quite different from the sequences we get from
repeated execution of our "randu item, 5", which produces sequences such as

-
1

,4,1,5;1,2,4,3,5,5,2,etc.

e o We need sobme way ‘of asking TUTOR to produce a permutatlon for us, rather --
than the kind of sequence produced'by -randu-. This is.done by telling TUTOR
. to set up a permutation-of 5 1ntegers ("setperm 5") from which té draw 1ntegers

. Y ("randp item") until the sequence is finished (indicated by "item" getting
% a value of zero) © The ,~setperm=- command actually sets up two copies of the
RN permutation, ‘dnd the "remove item? statement can be used to remove an integer
' from the second copy. (-randp- draws integers from -the first copy.) If we
I~ -remove- only those integers correspond1ng to items correctly answered orf the -

flrst try, the second copy w1ll contain only the dlfflcult items after com-

d}

\\\/Ej | ., g | - o | _ | . . ‘v .. -
' 1i2 - -
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ple ng the first pass over the fmve 1tems. Then we can use -modpenm- (which ;-

has ny tag) to- MOdify the first copy by shov1ng the second copy into the S
' - first COP¥e Having'replenlshed the first copy: with the dlfflcult 1tems we
/l’, can use *randp— to chooge these agqln. . :

VAR . ﬁere 19 a form of the dr111 incorporatxng thesge’ 1deas.
S ‘ R : , ' '
P ﬂ : unxt 'beglndr ’ / ]
,:;:setperm 5 . ~ $$ set up two copieg of a permutation
jump ‘choose . - _ .

K - ' . o : ' |

' uh;t - choose L . ;
. calc - attempt<=0 " $$ initialize .number of attempts .
,:iarandp item. .. -~ $% pick-an integer o /H-
jump - item>@,espo,x $$ fall through if first copy empty
- izfpmodperm ) ' o $$ use seuond copy
s . randp item ' : :
“Jump item>@,espo,x $$ fall through if second. copy empty
at ~ 2115 oY T _
write Congratulatlons! '
e You finished the drill.’
end -~ lesson ; " .$$ end the lesson S /-
* . ) ; : ,
unit espo , oo
next choose” v : - -
~help - esphelp .' ) -
' at = . 1812 ’
a * writé Give the Esperanto for :
. at . 215 '
. writec * item-2,one,two,three,four, five
s R ' arrow 2113
SR . Y. exactc .item-2,unu,du, tr1,kvar,kv1n . .
A : goto '7'attempt>ﬂ,q,x ! LT N
K ) - p=> remove iteni $$ remove.ltem if correct on first attempt
) no , o - N
calc 'attempt<hattempt+1 : o ' .

N

o ' unit  4sphe 1p,
N - calc -’ attempt<?attempt+1 $$ wount HELP as an. attempt
at - 1613 . .
, - ' writec -item-2 unu,du,trl,k ar,kv1n

_ 'F N ~ end . o P I . : ,

" We want to remove an item .only if the student éets it right on the first .

o " try, which means "attempt" should be zero. "goto . attempt>g,q,x" means - ..~
. "goto a figtitious, empty unit "g@" if attempt is greater than @, else fall

through". If we fall through, we remove the item ("remove 1tem") We

increment "attempt" on éach try and also when help»ls requested so that if b

* + the student has to see the answer, the item 'is not removed and will be seen

again. Note - that he\ls requlred to type the correct response and cannot see

this answer whlle he types, which gives him additlonal practlce on the dif-

f;cult 1tem7ﬂ : e - S .

\
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) o~ At thi present writing there is no cpndltional -answer- command. If

" ‘the spelling power of the -answer- command' is desired in this drill, replace
the -exactc- with a conditional -join- to attach one of five -units containing
~-answer- commands._ You must use -j01n~, not. -do-,".since jt w1ll be used

in the judging state.,~ N L R

N~ . ' ) 3
Stages in processing the -arrow- command . ’

— - . i

a

Let us summarlze the}several stages of processlng 1nvolved when'there
is an ~arrow= command. . . : ’
. . . ) :
Stage 1 ,The -arrow- command- is "executed: the arrow is dlsplayed
. the screen, and a marker is set to remember the umit and
location within the unit of this -arrow- command, Regular
processlng continues until a judging- command. is encountered,

at Wthh point there is a wait mhlle the student types a'. .

response.

o,

"Stage 2 '“The student presses NEXT or otherw1se campaetgs his. response.'

TUTOR uses its -arrow--marker to start Judglng at the state-
ment followihg the ~-arxow® corimand. ‘Only judging commands’
are executed--all regular commands are sKipped. Execution
of a -specs-/command séts.a -specs= markér to remamber the
unit and location within the unit of "this -specsk command./‘

Some judging command terminatea judging, and successive
regular commands are executed until a judging command is
encountered, which enasgthls regular processing, even if we
are several levels deep in =do-s. There is no %und01ng"

An -arrow- or =-endarrow- will algo halt this r regular process-
ing without permltting "undoing”, (If no judging command .

- . terminates the Judging phase, the end of the unit, an RN
N -endarrowb, or anqther -arrow= will end Stage 3 and make a ¥
AN "no" judgment )
) '~ Stage 4 If the ~specs~ matker has been set, regular proc9551ng
\\Q begins at the statement following the last -specs- command

encountered. . {The -specs- marker is cleared.) This process- .

ing temm nates in the same way as the végular processing of
Stage 3.| If the judgment is not "ok", the =-arrow~ is not
. satisfied. The student must erase part or all of the
< . response and ehter a d1fferent~response, whlch 1nrf1ates
’ Stage ‘2 again. L -

<

The search state is 1nLt1ated if there.is an ”ok" judgment.,
7 TUT6R again uses the -arrow- marker to start processing at
_ the statement following the -arrow- commanfl, this time in -
T - - . a search for adhother ~arxgw-. Only -join-s are executed;
.. . all other commands, regular or. .judging; aré skipped during
_this search state. If an -arroWH command is’ encountered,

- - . Lo ‘ > . 4 ..’ L ‘ R N . ‘

BEANS

o
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. ' TUTOR begins Stage 1 for this additional -arréw-. /If an
. . ,’~endarrow- command is encountered, the searc state ends .
.and regular commands are processed. If neither —arrow- .
nor -endarrow~ .is encountered, ‘the student can press NEXT
to go on to the next main unit, having Satlel d all the .
. -arrow-s. 4
Written out in full this way, this all soundé rather complicated, but in-
. most practical cases this structure turns oug tg be ite natural and
reasonables It is, ‘neverthelgss, useful to 'l abtsome bizarre or patho- A
‘logical.cases to further clarlfy the variou rooess1ng ,stages.
S ‘ &
Repoated executiOn of -join- .
Fxrst here is an example of the. repeated execution of a -301n- 1n )
regular, Judglng, and search states. ~ !
unit fulty .. , i Ce
calec .. ig=gg . ' ' ° » v, N l .
arrow 1514 ' ¥
join = i¢=i+¥,ansdog . ' Ty, : / . .
- éndaxrow. . J o
' at 2514 : o e R
* show i ° o Lo
- * L] ’ ~
) , unit ansdog . ' - R
N answer dog
" write Bowwow!
. . . * ’ -
The conditional -join- has only one unit listed, so we will always join
,unit, "ansdpg” no matter what value the expression (i<4=i+1) has.’ Upon first '
4o ‘entering unit "multy", we do the -calc-, the ~arrow-, and the- -join-, a11 in
» the-regular state.. This terminates at the -answer- gommahd to await a o
student response.  Note that i is now°l, due to thg assignment (idei+1) .
contained in thé conditional -join-. Suppose the student types "cat" T,
and presses NEXT. TUTOR starts at the statement followlng the -arrow- and =~ -
executes ‘the -301n- in the judging state (1ncrement1ng 1 to 2 in the process)
No match is found for Pcat", so the student must give another response. ' v
Supposé“he now enters "dog". TUTOR again startsjudgingjust after the -arrow-
and again executes th& -join- (thus incrementing i to 3)." This time" ‘there = ..
is-a match to "answer ‘dog” whlch.changes the statg from.judging to regular. - .
The "wrlte Bowwow!" is executed, ‘and the end of un1t "ansdog" causeg?IUTOR .
o "undo" back into unit "multy“, where the -endarrow- signals the end of
the statements associated with the -arrow-. Since we got an “ok" Judgment,
ye are ready to search for any- other -arrow-s that might be in unit. "muf%y" We
return to the -arrow- one last time, this tlme in the search-state. The -join- s
is executed to see whether there is an -arrow- command lurklpg in unit "ansdog", °
with the incidental result thaf\l gets incremented. to 4. "No -arrow- is found C.
N N . : ) |
’ ‘ L
- . ‘ Lo, '_’ 1.‘5 \ / . : v S
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in unit "ansdog" and we "undo" into the -endarrow=- command, which changes

us from search state to regular state. The. -at- and -show-~are executed
and we get "4" on our screen,-due to the quadruple execution of the -join-.

Aside from Yllustrating some consequences of the processing rules,

this example shou emphasize thatrusing the assignment.symbol (<=) in
a conditional -joinX\ may have unexpected results! Note that =join- is the
only command with thewe properties, dﬁe to the fact that it is' the only,
command executed in regular, judging, and search states. It is important
that ~-join- be universally executed in this way so that you can join
judging commands in the judging state and even -arrow- commands in the{

¢ search state, not just regul commands in the regular state.. ,

LI

" Judging commands terminate regular sta

- t
The rule that a judging command termina the processing|of rngIar
rcommands is an 1mportant and general rule. We have seen that is must
be true upon' first. encountering an ~arrow~-: the first judging command after
the -arrow- makes TUTOR wait for a student response, since that judging ‘

command needs a response to work on. Let's see another instante of the rule:

. o ¥ ‘ . S
¢ . B , ‘ e
. . oo / B ) >
arrow " 1518 : - .
answer dog . B g .

write Bowwow

R wrong cat : :

S wgite ‘Meow ok, .
wrong. horse R . e

- 5 . A - 4 " P . ’ (

&

If the student says "dog", he gets a reply "Bowwow" and regular’processing
stops at the "wrong cat" because -wrong-, a judging command, terminates
the regular state’ Slmllarly, if the student response. is . "cat", the state-
ment "write Meow" is the’ only regular statement which is execd%ed ~ The

" judging commands delimit those regular cémmands associated with a match of
a particular Judd&ngAcommand. Th1s4delim1t1ng effect is achleved because

1) regular commands .are skipped in the’ judging state; and

LR - 2) the processing: of reqular commands ends whenever a judglng
. command is encountered

- . ) . "‘




»

‘ . VII - 40

arrow 1518
join ‘dogcat.
write Meow
‘wrong horse

unit = dogcat : )
.. answer dog . - S "
write Bowwow - - - s R

wrong cat * ' I

supposedly the "join | dogcat" w1il act as though the statements -of unlt
"dogcat" wWere inserted where the’ -Joln- is, which should make this modlfled

version equlvalent to the earlier version, Indeéd, the rule that a Judglng

command - términates the proce551ng of regular commands does make t{he two

'ver51ons equlvalent, as we will show. Remember in this distussion €hat

-join=- 1s the same as *-do-ﬁ except for the universal nature S&+=join-.
Suppose the student types "dog". We start ﬁust'after'the‘-arrow—,in

the Judg;ng'state. The -JO ~ is executed and we- find a matching .

"%PSHgilxﬂog' which end$ judging' nd puts us in the regular state.

Mwrit Bowwow*ils executed. 'Then we come to a -wrong- judging c mma, de

which stops the regular processing . 229 prevents "undoing"l Even fho gh’
we arg ong lé@el deep in =de-s,” TUTOR will not "undo™; the "write

which follows the "join dogcat"%w111 not_EE executed what wi 1’ appen

is just what happens in theé earlier version: we have an "ok" ju gmqnt,
which . causes the search state to be initiated at the -arrow- (th re/was no
-specs-) . Thus the two versions operate in identical manners beqause the .
-join-. acts like a text-lnsertlon. Note that a response of "cat" will

,get a reply "Meow" because“there 1s no judging command follow1ng the

’

"wrong '’ cat" a normal "undo” is erformed at the end of unlt "dogcat".

This 135t example 111ustrates the 1mportance of the rule "a Judglng

‘command terminates the regular state". It is this rule wh1ch ‘insures that

=joins. (or -do-) will act -like a text 1nsertlon.

< - o~

’

*We saw in theé discussion of the -goto- command in chapter VI that a

“'-goto- in a done uqlt 'destroys the strict text-insertion character of the

-do-. That is strue in the present context as well. Suppose we, 1nsert a.

. -goto-‘in unit "dogcat" (any -goko- will'do; we'll use a "goto q'):
" aunit -, dogcat’ 'a!‘:v s /- ’
answer .dog, R : - .

write Bowwow

2RV IR
wrong 2T s ' ’

cat

» : . : i

“

[P
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The student enters "dog" and we do unit "dogcat" where the match to \
"answer dog" flips us from the judging to the regular state. The reguﬂar
commands ~write-~ and ~goto~ arevexecuted. (Note that ~goto-, like ~do-,'
is dnly regular, whereas -join- is unlversale being executed not only in,
regular but in Judglng and search states.) The execution of the ~goto- bre-
vents TUTOR from encountering the "wrong cat".which previously terminated
the regular state. We have run out of things to do in unit "dogcat" and'
are one level deep in -do-s. TUTOR, therefore, "undoes” and'executes the
"write . Meow" which follows the "join dogcat”! The student will see

R "BowwoWMeow" on his screen.: If, on the other hand, we replace the

° "Join dogcat" with the statements contained in unit "dogcat" we would
, have - S ) : :
4 | ’ ]
-, - - ' .

arrow - 1518 o .
answer dog o x\“ -

éwwpw" to pppear on the scre

We have afgain seen that a ~goto~ in a'done, unit can cause ihe ~join
operation to have differently fr a text-insertion. We get different .
effects depending on ‘Whether we '~jdin- such a unit or put that unit's )
statements in/place of the ~join~ étatement . .

. and ‘a response .

haog" would merely cause "B
not "BowwowMeow

—_—

Thls property of the -goto- can' sometlmes b us d with good effect
Occa51ona1;y you may want to’ "undo" despite the presgnce of a follow1ng

judging command, in which case you cah use a ~gotqg~ fto prevent TUTOR from . m

4_see1ng that Judgl Fcommand. Conversely, you can place a judging command-
+ at the end of som “regular commarids for the express purpose of preventing

the "undo" ' : _
L . N A "

i v X )
.. . o u , e
v .o .
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-goto~ is a redular command e - - o Q(A> : . P

¥ . Ssincewthe -goto- ‘command is a regular command it is Sklpped in the \'

judging and search states. Here is an efrroneous sequence of commands wh1ch
illustrates the fact that the -goto- is skipped in the Judglng state: -

- C
. v
. & - . . ¥ [ I3

- .
B Y '\'

arrow 1612 : ' ‘ . . : : e

/,T-: goto dogcat S, . - :
* - . e . . ! . "‘v“‘- S

unit dogcat o IR R
answer. dog . . : o . o ' - et
write, Bowwow ) . : _ . ‘

wrong cat : ‘ ' 'JH,‘
o : e £ 5 " \
When the -arrow- is first encountered, an arrow'#s d1sp1ayed on the _screen at
- 1612. TUTOR continues in the regular state and executes the -goto-. The
-answer- in unit "dogcat" ends this regular processing to await the. student's
response. Suppose the student types “dog" and presses NERT. TUTOR starts

: no judging commands at alll The student's response gets a efaul ple}
" . judgment. The -goto- should“be replace& by a -301n— so tha unltsﬂ
will, be attached rp the Judglng state. . . ; '

- //slmllarly, here 'is. an erroneous sequence to 1llustra
the -goto- command is skipped 'in Vhe 'search 'state:

. . o 3 . L O : o :'.f“ PR
o arrow 1612 . ) ; oo o N B

. specs  bumpshift = Ll T T e e e
answer dog" oo e Lo T
goto  another [ o TR ;
wrong cat . . ¥ T
%* S ) . R . B [, : o
unit another: K o : o o L. .,

T arrow 2514 - S ' .

-answer wolf . o
The student.responds to the first, ~arrow- with "dog" and matches the .
"answer fdog? which switches the, proces51ng from the Judglng state to the
regular state. The -goto- is executed, and in unit "another" we encounter
an .-arrow- command. This -arrow- command terminates the regular . processi
just as a Judglng command - would. - The. -specs- ma ker/was set, so we will now
execute any “Tegular commands/follow1ng the -Spec - C and (there are.none

in this example).  Since the stufe?t s response/ Mok", the search state

-




Il

’
3

- R :
) LS . ' . .

I3

is now initiated. TUTOR starts at the “"arrow 612" 155kinq for another
-arrow- command. The -specs-‘ ~-answer-, =goto=-, and = - dre skipped. in
the séarch state, and we come to the end of the unit thout finding an, .
-arrow-« Thus the -goto- did not succeed in attachzﬁq ‘a second -arrow-:
If thé -goto- is replaced by ,a =-join-, the'“wrong cat" will he ass0ciated
with the second -arrow- (2514)! This ‘is due to the téxt-insertion nature of
ﬁhe -joinr, which interposes thé statements of unit "anoth between the
"answer dog"-and the "wrong cat". One correct way to wﬁi§e this sequence
is like this: .. . s ! N ?ﬂ\f Lo T .

-

-~

» Ty

arrow .1612 S C E .

specs ’ bumpshlft - . L. LT -
- answer dog o ! ' S :

wrong eat e T . RN

endarrow ' _ L ‘ S :

goto another +. ~* $$or "do - another" SN
* e J oA . :
unit - another - ) o , , :
arrow 2514 . g o L. : A
:'answer ~ wolf- , ) ©

. . i) , o L
The -goto- or -do- placed after the -endar OW= w1ll/not cause ny mi hiefi
because -the search state has been completed: the -endarrow- flips us from
" search state to»regular state. ‘ //_A : SR 'f7 ;' s

L N
C¢n51derations of thls kind mean that some care must be exe c;sed when -
using #301n— or =do- to attach units conta1n1ngn-arrowh commands .
unpredldtable results follow these two rules: ¢ -
’ A B
. A1) A unit attached by -join- or -do- which contains one &r more
R Larrow- eommands‘must end with _an -endarrow- command. \Thls
1nsures that the unit will end)an "undo" in. the»regular state
(It is permL551b1e to have regular commands: fellow1ng*the
-endarrow-'ﬁ : . . e . ' g

=Y. -
, .

!l

3

’ - 2) The attached unit ‘containing.one or more -arrow- commands L

t not contaln any <«goto- commands. (A =goto+ can make-: i

'“, TOR fail to see the -endarrow- or a Judglng command so. tVat
a»premature "undo" occurs.) ‘ A g

.
lv ) . . ‘ , , ,

de_OX -do- will act prec1se1y ﬁ%
Of the attached unit wheré the

. 1.. i -
TR . . . ! . . 4 ——
. . s o ﬁg
) : : . :




" Interactiorns of,éarroﬁi\with isizeé' -rotate-

be. at the appropriate level of =-do-. relative to.tgzi:ifn unit. The current

-

e -
s

] -IOng-"-Jkey-, and —copyr .
E . : 1& R N s

When ‘an- -arrow- command isg performed, several thlngs happen, An ,\ v ’
ar¥row-character is d1sp1aYed on’ the\screen, cuing the student to enter a «
response.' A note is made of the unit-and loci#tion within that.unit of, o

‘the ~arrow- command so that TUTOR can return o thls\marked spot.when';~'

necessary. Even the* tra11 of -do-s’ (and/or =join s) Whlch brought TUTOR
to’ ‘this -arrowu command " is- saved, so that.each restart at the =arrow- will "™

settlngs of '~size- and -rotate- are saved tb be r@®gtored each tlme, SO - that C

‘you can writé a size-3:reply to a student's incorrect response without )
'vvaffectlng the s1ze .of his gorrected typing. In other words, xesponse—contlngent

gettings of tsize~ ‘and -rotate~- are ‘temporary, whereas in other C1rcum- W
stances they are permanent until expllcn:ly changed- . Wy
: , . . o R | B
. { « . : ) to ' A e .
S A A e T L | v
‘e . ) ooy T - Toer T o
' - s 4 . : { ' - v :
v e o o~ , o o
R A : . . . .o Ji R <
. size . 2 o Cooe . oL B C T
. rotate g4 /. /,‘ ¢ o . A &
S, oarrow  1Mmg 7 T S, . L
¥, answer dog " T . - ,
- 4 SiZe X ' 4 ' B ' - .- . ' ! - .“ v /‘ - . u \ i
rotate 34, . - LT o o
. write - Woo£1 | R Lo - - T T
© .answer *wolf PANEES ‘I e . R I
endarrow L S r - T -t .
o . . . i . T . - . : s :
’ at ) 2218 ' . 7 ' N i [ -, ) ! . . s ,

write This is in size 2, rotate ﬂ o

. . . : i A .
v '

The last writing appears in size 2, rotate @ .despitle the size 4, rotate: 3@, that
were contingent on the student's response, "dog". When the searth state is .o
initiated, the original sizé and rotate settings are restored. similarly, if.

Y
N

'"dog" had been judged wrong; the stBhadent's revised typing would have been 1n

size 2, not 4, because the or1g1ﬂal ‘size and rotate are restored before wa1t1ng
for the student s rev1sed 1nput.\ s .

ercutan an -arrow- command has other 1mpor§ant 1n1t1allzat10n effects.
1) A default response 11m1t ‘of 15ﬂ chanacters is set. The student
cannot enter a response longer than 15f¢ characters (including
. "hidden" characters :such as shift-codes .and superscrlpts)
~ -, This can be. altered‘by followang the —arrow- command with a
.~ =long- command to change thJ.s to as much as 3g@.r I1If this is
" a "long _»1", judglng will commence as soQn 3s. the student
types one charac . If morf than 1 is specified the student
is prevented frjgfenterlng morewcharacters but must press ‘
NEXT to initiate /udging, unless a "gorce- long" statement

has - appeared in the unit., . G . _

T

.._l . . ‘.! ;v. | 121




2')

“is a. "1ong 1", or }uttz.ng the 1:|.mi’c mth a - "for;ce . 1ong")'
“This, can bé altered by foI}gv_@ng,‘.e ~-'arro£v- command wa.th

. =jkey~ command to specify additional judging keys (NEXT is
always a judging key). An example is "jkey data,help?

would make the DATA. and HELP,keys equ;valent to the NEXT key at
thls arrow. o ‘ ST "

3) A default spec1f1catlon is set to dlsable Ehe COPY key« The j4
.-arrow-' command can beé followed with a -copy— command to"
specn.fya prev:.ously-stored characteéer str:.ng to pe referenced

. with the COPY key. An example is "Copy  v51,y3", where v51 is
the start of the character string. and v3 As the number of charac-ﬁv
‘ters. This way: of specifying a strlng of characters 1s the same
as the scheme used with -storea-: and -showa- S

. Al ~ B s . ! .

. Some explanatlon of the COPY and EDIT keys is requlred : The EDIT key

'is always Aavailable “for the student ‘to use in correctlng h1s typlng. Pres51ng N
the EDIT key the first time erases all typlng, after whlch each press of, the

™ . EDIT key brings back tH& typing one word'at a’time.'’ Thlstmakes it easy to.
make corrections. and insertions w1thout a lot of . retyping..~ Each press of the .
"COPY kéy, on the other hand, br1ngs Ln a word from the character string :
specified by the -copy- COmmand, as opppsed to bringing in the student's »
“own typed words with the EDIT kéy. One example’of the use of the COPY' key ,
is geen in the PLATO lessoh editor, where _ybu "as an author can use-the COPY " -
. key in insert or reﬁlace miode to br1ng 1n portdoﬁs of .a. precedihg line with-,
out’ having to retype. The COPY key.- must .be specxfxcally enabled by a -gopy-

. command, but the EDIT key is always usable, un less. you spec1fy a =long-
greater than the normal limit of" 15ﬂ (To yse the EDIT. key on responses 1onger
than 15§ characters requires you “to furn1sh an ed1t buffer through an -ed1t-
command. ) . - 5 _ o LN , :

The -1ong-" —Jkey-, and -copy— commands a11 overr;de default specaflcatlons
set by the --arrow- command ‘They can. %e,thought of as modifiers of the -arrow~ -
command. ' If. they are to have an effect on the student's f1rst responsey they -
not only must’ follow the’ —arrow- command but must recede any Judglng bommands.

- 1518
help
’ cstring,ccount .
15 co B ' . .
or- —answer-, or -store— or any other Judglng command

f, or: -1ong- came after the f1rst judglng,command, the.-arrow~ ////// }
defaulxs.woul hold for the - f1rsthresponsebecause the modlfylng mmmand ; St
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Applications of -jkey- and -ans- s ' /) | ¢

- Use of the -Jkey- comnand is well illuatrated in .the case of providing
help to the 'student thrgugh, the HELP key. but,without leaving the page., If
giving help requires an.entire screen digplay, or a whole sequénce of help
. units, it is best to use a -help= command to specify where to jump if the
" student presses HELP.' The screen is then erased automatically to make room
for the help page (unleSs the original base unit had an Yinhibit erase”. in -
it). oOn the other hand, the appropriate help might consist meraly of a brief . -
comment or some’ additional line-drawings on the presant page. A convenient
way to provide such help withdut leaving the page is this* '

"o .

v . -
(I o ) . .
- . * . . / . N - )
. . . B AN ’ . Ca
s
. ’ i . R D . .
' it

. .
. N ' . ) - .
o , arrow - 1815 - o o
AR jkeyw help‘ . - . ) ‘ ‘ N LR | ; . 1Y 7 -
# : ?'answer cat - bR ‘ : '
. » - no : . .. ' oo - : : »
write Hint: it méows..,. N YL . \

The statement “jkey help“ mikes the HELP key completely equivalent to. .
. c the NEXT key. If the student presses HELP, judging is. initiated, his (blank)" '
o onse does siot match "cat", and he gets "Hint: it meows...." Without the T
éy- command, the HELP. key would bé ignored’ which would be bad. It'is a \
‘'very good idea to have the HELP key do something at all times so that the
student can_come to expect help to be available.

b et b '

Y

In this example the student - will get th same assistance- whether he
presses HELﬁjor whether he types "dog" folloywed by pressing NEXT.  We could

S . give+different kinds of assistance in these /two cases by changing the -write-
1 statement to,a =writec-: . iy . _ ‘ .
arrow 1815 o | ﬁ o ) .

‘ . dkey  help, = ¢ S .

' . answer cat ST )
no .. R B . . . o '_ -

writec key—help,Meow? The answer islcat. : \ R

The system variable “key“ always contains a number corresponding,to the last

key pressed by the student. In this case thd lastkey will eithet be HELP *

or NEXT. “If the student presses HELP, "the ldgical expression "key—help“ will

. be true (-1) and the student’ gets the reply "Meow?" But if he presses NEXT,

.-+ ' then the logical expression "key=help" is false (#) and the student gets "The
answer is cat." ~The lower-case word "help“ is defined by TUTOR to mean in a
calculational expression » the number corresponding to the HELP ey".” Other
such defined names include next, back, help1 ‘(for shift-HELP), etc» &

)

. o oL v L : : .-
T There is now a -helpop- command,; similar to ~help-, for providing help on
" . the page (op) without erasing the screen. ! ‘ . .

. - \ . -
. . N . .
C e P . ' . D - .
. . s i . : R .
o P 12 A :
.. ’ - . [ -
X -4 : . - a e » . . . L .
. k ' . . . g .
L L . ) - . J . .
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An alternative way of’writing the same sequénce is this:

e

b - : 1 .
. : . ) ' P

arrow 1815
C jkey - help
no - : S
judge - key=help,x,continue *
write Meow? . . ,
answer  cat , ,
no - ‘
write The answer is cat. . .
If key=help, we “fall‘throqgh“ the -judge- command and write "Medw?" If
the key 48 not equal to help (that is, the student pressed NEXT), a
"judge continue" is performed to return to the judging state. The
. "write Meow?jy is skipped since -write- is a regular command. . If the
response does not match "cat", the student will get the message "¥he answer
is cat'". -As usual, there are many equivalent ways in TUTOR to do the same : ‘
- thing! 1In a particular 91tgatioh one .scheme may be more' appropriate than
\_ .another. . Vo . ' . -

. : .[‘

$$ terminate judging .

: \ . ' . . '
There is an ANS key on the keyset which is often used to let students
skip through material by just presqing ANS: |

v ) \

- "
arrow 1817 - ' : . ..
jkey ans ' ' !
ok ) . ' .
‘judge  key=ans,x,continue = . g

« write The answer is cat
answer cat N

. N . .
. . v .

o ) ) p
'Sinéh the ANS key generates an ok Fudgment here, the student will move on
. immediately to the next arrow or unit without hidving to type the correct
answer. This could 'be made conditional on the student being in a review
‘mode. That is, you might define "review=v1", zero it initially, and set i

+

. - : o - \ ¢ \ , :
h . L : : N BN ‘\\\\\\\ R
. ~ ” Lo

.
[N “
' +
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to ~1 6nly'af£e: the student‘has'gone througﬁ the material once under his
own power. With the following structure '

[ .

. arrow 1817

do review,jans,x Lo -, ' . o /!
. ok ' ’ et ' )
. judge ' key=ais,x,continue : « .

Te 3

unit  jans

| dkggr .anst o .
he will be able.td use the ANS key only when reviewing the matérial.'
\ . . R

N - .- : )
- There is an -ans~ command (blank tag) which is equivalent :to
jkey  ans ' ' - _ - | ' .
ok .
judge  key=ans,x,continue

'In other words, you just wxitﬁ

arrow 2123

’f:§== ans ’ ~
_write The answer is cat. . .
NP | | | |
The -ans- command is a judging command and must be the first judging command
afterithQ -arrow-. When it is first encountered, it gets up ANS to be a
judging key, and it is matched only if the ANS key is pressed. If the -ans=- -
command is used only to provide a kind of help, but not to let the student
pass on to the next thing, put a "judge" wrong" after the -ans- command.
, N , '
In many places you may do specific things in response to the ANS afnd’

HELP keys. Elsewherg/ in the lessog,it is appropriate merely to enable them -
so that something will happen whe€n these keys are pressed. Just put

"Jkey help,ans"/after each such -arrow-. The student will then get at
least whatever rgply you give him after the universal ~-no- that catché. all
unrecognized responses. Certainly every -arrow- should provide some kind of
feedback to unrecognized responiges or the student will get hung up. The
"jkey help,ans" will further insurepthat a reasonable response to his input
is always forthcoming. Without this ~jkey- statement, nothing would happen

when the student presses ANS -or HELP. , \ o~

[N N

o4

—
3 -
R
.

T




An add1ticna1 refinement is advisable.

VII - 49.

Oftcn a student will press NEXT

an extra time, perhaps becausc he hadn't noticed that he was to type a response.

This blank response, consisting of jus

é‘a NEXT key, will probably get judged

"no" at most arrows, which requires an additional NEXT (or ERASE) to clear .
This can get confusing. In most

the "no" judgment before typing a response.
+ cases i; is' best simply to ignore blank respcnsesé

/s

)

) On the other hand, you ahould accept blank responses involv1ng ANS or-
- HELP. It is useful to write :

Placing "join

A

arrow 1914
exact

judge’ ignore
answey . cat

< .

arrow 1917
join anshelp
angwer cat

unit anshelp
jkey ans,help
exact

\

$$ -check for bian responge

\\\

This has the effect of throwing.aﬁaf auperfluoua*NEXT'keya.*

judge  key=next, ignore.continue

-

»

L] L)

(2
vé

Fal . . N
- N N

anshelp“ after each ~arrow~ will 1nsure that extra NEXT keys N

are thrown out but that reésponses involving ANS or HELP keys will fall through
to whatever reply you give to unrecognized :esponses. Note that you must
use ~join-, not =dom to attach unit "anshelp", since you want not only to do

unit anshelp in the regular state to specify ~jkey~

When the student responds, you also want to do unit|anshelp in the Judglng
state in order to reach the -exact- judging commangd. N

Modifying'

"

b

the respchse: ~bump~ and -put;

resgponse by ‘using the -bump-, command

)

Ve s

Ny

arrow 1812
bump as3
answer rdvrk

7

$$ delete all a_:s.s’*s. and 3's

R

)

before the student responds.

* The statement "inhibit blanks" can-now be used to ignore superfluOus NEXT - }

keys.

126



. 5 - p; . \
' . VII .- 50 , \
- L] - i / \ |
) ' . L
“  This -answer- will be matched if the student types "33 aardvarke" because Qd e ‘\
Y the -bump~ command reduces the judging copy of response to " rdvrk". The =~ ™ oW\
original responge ‘is not altered and can be recovered with a “"judge rejudge”.
: _Also, the séreen display is unaffected: the student .8till sees on his screen . ..

. ""33 aardvarks", just as he typed it. On the other hand, all judging commands
following the -bump- are affected since they all operate on the judging copy,
not on the original response. For example, a -storea- following the -bump- .
would give you "rdyrk". Here is another silly example'

e ' define cfirst=vi,csecondsv2 - e
P , ‘ first=v11,second=v2i
e .. unit conson ' v a '
at .913 ’ ’ B Sy
” write Type anything, and I'll o :
. - remove the vowels: ;
_ ' arrow” 1389 B EA ‘ -
N "~ long 129 $$ from vi11 to v21 is 198 charecters
. ‘storea first,cfirst<¢=jcount o ' : A .
. o bump  aeiou ' . - : :
o : ' ::§=='storea Second,csecond &jcount - © , , . \
o . . ok ) : H » ) 1 o ]
- . /- write You typed <a,f1rst,cf1rstP L o ‘
’ ) ' : ‘Remove vowels: <a,second,csecond} .
T . - . You used <Is,’cf:|.rst-csecond)> vowels.

Note that "cflrst“ is the number of characters (lncludlng_hldden .characters -
such' as shift characters) in the original résponse, whereas “csecond“_ls the
number of characters after the ~bump- has removed the vowels. This is true )
because "jcount" always has an up-to-date character count of the judging ; s
copy, as 1nf1uenced;by -bump- and related operatians. (You may recall that '
spegs bumpshift" also. affects "jecount" by removing shift chargcters.)
Suppose the student types f“Apples taste funnler“ > Then he w111 get thlS

~

: -reply
) . ! : . N = ‘e
i/ s You typed Apples taste funnier. !
' / ) - Remove vawels: Pplsvtst ‘fnnr. . e
/" You nsed 7 vowels. \ & “om

b e i

. .  The reason that the word "Apples“ turns into "Ppls" with a capltai npr jg :
that a capital "A" is really a shift character followed by a lower-case "a". 4
With the "a" bumped out, the~sh1ft character stands next to the "p", maklng
~.. a cap1ta1 p".

- ., .t 4 R >
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N

3 S

' , - )
: . A ‘\\.;
arrow 1218 : ‘ ~
/,Ezaput‘ cat=dog : -
" put rat=mouse’ , : ‘ ;
storea first,cfirst4éjcount . : e R
ok ' : . , .

showa first,cfirst - v : .

* All occurrences of "cat" change into "dog", and all occurrences of "rat"

N .

S
A

" » Both =bump- and —put- are Jndglng commands:

change into "mouse"." Suppose the student types "Scattered -cats sc?atch rats".
The reply will be "Sdogtered dogs scmousech mouse

response. Like all judging commands,, they stop processing when encountered
"during  the processing of regular commands. :The -put=- co
similar to -store- -in that it can tewminate judging w1th a
it canngt handle the student's response. C e

o judgment if

-~

2y ) .
. . .- . . -

{ arrow 1218 ’ ' T >
N put " cat=enormous . .
N . write Too many cats!
ok T : -
: =

If the student has man§\2cats" in his response, the ~put- may cause "jcount"-
to exceed the 3ﬂﬂ-character response limit; In.this case, it changes to the
regular state, and the student gets the’ message "Too many cats!" This

regular -write- command normally is sklpped, since we re 1n\the judglng state.g»'

T

There is an equivalent form of -put- which is often easier to read:

put cat=dog
putd /cat/dog/
putd scat; dog,

.
~

All énree of these statements are equlvalent. The -pth? (a for .delimiter)

takes the first character as the delimiter between the, two character strings.
\\\\\Pther examples of its use are these: !

»4

N RN o _— , L
‘\ putd /=/equals/ $$ convert = sign - &
\\SUtd /7 // * $$ remove all spaces’ :

-

. X /

the operate'on the student's

nd has a property . -
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It is also pqsslbhe to change variable' character strings by uslng -putv-

3

N (v for variable) ’ . .
putv first,cfirst,second,csecond - L .

w \_'_’W i . o .

. . i : T~ ‘ ‘ a
‘- . string angd count «~ . ° string and count » :

In using these -put- and -bump- commands in comhination,~care must be
taken in their order. For example, the following sequence is nonsense:

bump a o .
put cat=dog o

-

With all. a's bumped the -put- Mill not flnd any cat's. Similar remarKs
‘ apply to sequences of -put- cemm&nds. C '

The -bump- command looks for single characters, sb "bump B" will

not merely bump capital B's. ‘All shift characters will be bumped as well as
lower-case b's. In other words, "bump B" is really "bump shift-b".

If you want,to eliminate only capital B's, use vputd - /B//™. This will
find occurfgnces of the strlng of characters "shift-b" and replace this
string with a zero-length string, thus deletlng the B. : :

The main purpose of -bump- and -put-.is to make minor modifjcations to
the student's reponse to convert it into a form which can be handled by
standard judging commands.* For example, the word-oriented judging commands
(-answer-, -match-, -concept-, etc.) cannot find pieces of qorgs. Suppose
that for some reason you need to look for the fragment “"elect"; you don't
.care whether this appears in the word "selection" or "electronics" or
“electoral"™. Do this:

arrow 1723

specs  okextra . N
,ch> putd /elect/ elgct / _
‘ answer elect '; . R N o -
. . C A v .
. - A ' . N

1

- . : - : \

. The -putd- is-used hére to put spates before and after the striﬁé "elect" so

that . it stahzsgsht\asr:eseparate word.  You could also use the values of .

““Mjeount" before and after executlng the =-putd- to determlne whether. "elect" :
was present. How many times it appeared could also be detérmined from these "
valuesﬂs\The value of "jcount" will increase by two for each insertion of ‘

two extrafspaces. .,
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Manipulatlné character strlngs

" The judging commands -bump- and <put- operate on the judging copy of -
the student' response. It is sometimes eful to manlpula e other strings -
‘of characters with -pack-, -move— and -s ch-, These commands are:regular
commands, npt judging commands; like -showa—~~
strings, not the judging copy of. %he student's cesponse. These commands are
mentioned here becaude they are often used in agsociation with. analyzing
student responses. In: particular, the‘ udging command -storea~ can be used
to get the response character string. hen it can.be operated on with
-move- and -search-. Finally the altered 2h5§§ster string ¢an be loaded
back into' the judging copy withly the, Judglng mnd -loada-

(load . alphanumerlc, the -loada- command is precisely the opposite of C
-storea-). Since this.sectidn' deals with a rather esoteric topic, you might

just skim through it now to get a vague 1dea of what character string manipu-

-lations look like. If later you find a heed for such operations, you should
returh.da/study thls section w1th some care. g _ ¢

_Here is an example of a -move- statement-

. - o

move  v3,5,v52,21 a s e -~
This means "move 8 characters from the 5th character of the strlng that *
starts in v3 to the 21st character of the string that starts in v52". The
21st through 28th characters of the v52 character string are repldced by -
' the~Sth through the “12th characters of the v3 character string, The v3 -
character strlngxls unaffected. In_other,words, -move= has the form
move .str1ng1,start],stringz,startz,#characters'moved :
If the number of characters to move 'is not speclfled, one character will be
-moved. ¢ N . AR -
S o x R
Here’ is an example of the use of -move-. Suppose the student types
"x+4y = y=-3" and we want to convert.this into the foim “x+4y-(y—3rﬂ before ,
using -store- on it. Assume "str" has been deflned. .
arrow 1812 . $$_x+4y-y-3_' )
storea str;jcount ,
ok . _ $$ to do regular -move-
move ')',1,str,jcount+1 $5 x+4y-(y-3)
judge continue ' $$ to do judging =~loada=-
loada = str,jcount+1, _ "
. result : .

Subtracting the right side of
your equation from the
left side gives ds,result). .

hey operate|on stored character
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- Gharacter strings up to ten characters in length may. be describkd, this way,
~character of ')', which is just a right parenthesis, tq the (Jcount+1)th

- character pOSltlon 1n'“str“’ This effectively appends a right parenthesis -
‘to the student's character striny (as modified by the -putd-). The -loada-,

.can operate on it. Note carefully the sw1tches from Jujglng state to regular

. The -search- comm@nd is used to look for occurrences of speffific . M\\\i;;
character strlngs. It-has the form® _ S - ‘ b LN

‘in "str,jco t" Then use

I : . VII - 54 V . S
In the -move~- command the parenthesis within single -quote marks, ')’, means
a character string one character long consisting Jf a right parenthesis.
Similarly, "dog' would denote a. character string consisting of d,o0, and g.

using single. quote marks. The ~move- cominand shown dbave moves the t

command moves the final charaéter string into. the judglng copy so that -store4

state and back again. e

. X search stri g1,1ength trlngﬁ,lengthz,startz,returni o

-strlng sought °  string to return locatlon
\ look through ° LT
-~ A .o " - Where'to Y,

start

~

L]
Suppose we use -storea-‘to place the una

. .

red student response "x+dy=y-3"

search '=',1,str,jcount,1;charnum“
e . 2 1 4 !

’ . - ~ . /
. look for. string return location ' . : ' ‘
. = sign . . .
. to look ~ . . i
(string 1 through - L - . e
character |, , : ) '
" long) S start at , : *
(- : " beginning i -
© of string - \‘ o
This =-search—-_ command w111 set the variable "charnunW to 5, si centhe equal
sign' is the 5th character in x+4y-y-3" If the search is unsuccessful,
"charnum" is set to -1, As further illustration of -move- and -search-, let' s
rewrrte our earlier sequence “without thb -putd--

t. . .
N

» . > v
. - . 4 ‘. . L. . - :

arrow 1812 : -
storea str,jcount - = - o ' oy

ok = T .
search '=',1,str,jcount,1,charnum A ,
* Now make room -for the -( :. : ' .
move str,charnum+1,str,charnum+2 Jcount-charnum R
. ' *Next insert the -( : S ¥
move. *~(',1,str,charnum,2 $$ move 2 characters - '
' % append the ) : - T
* move *)',1,stx,jcount+2 '

judge continue

loada str,jcount+2 . o .
store result o ' 4 o ' L e
¢ -, ok ’ '
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-

- canate‘gottenAfrom the systgm-defined v le ™ nnt“ ' The;chara
count involved in a -pack- statement can De obtained® ith an option
-

+

. variables. Since each varr;ble holds' ten characterf, v11 and v12

. sttlngs in variables: 1In the case of =~ toreae the total character
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The -search- finds the equal sign.. The first -move» moVes the lattex part
of the string to make room for the insertion of '-(\. ' The second. -move-
makes, the insertion which overwrites the: .characters, (=y) which were there - ¢
originally.. The third -move~ appends the ')', Nofmally the -search- would "~
be followed by a "géto - charnum,noeq,x" to take cfre of the case where the

student d1d not 1n fact use ‘an equal sign, in wh1ch case 2¢harnum“':ould be .
-10- . . -

The slngle quote mark's can be useé to rspecify Icharact
ten characters long. Longer character strings can |be placed in va
with a- ~-pack- command: __ ' -

N .

. pack v11,abcdefghljklmnopqrstuvwxyz

This‘)écks a character strlng 26 characters 1ong into v11 and foll

full, while v13 will have the laﬁt\SIX characters. \ The -pack- comm
“might be considered analogous to -stor since both place charact

-'pack. v3,v11;ahc fghi?klmnopqrstuvwxyz
character count string 1Qcaticn : . - o -
. - : N\ . . .
JIn this case, the =-pack- command will set v3 to 26, the total: character , ’ R
" count. (Thls form of the -pack- statement is the only exception to the C
general TUTOR- rule that optional parts of a statement go at the end of

‘statement.- This exception is due to the unique string syntax of the.

-pack— command. . It does have the effect of tprnlng some thln around// .-
: . . \Q\: N . S
pack  v1,v2, H2804 ' , R\ M
showa, v2,vi - S

~ , L SR N
This will display "H2804" on the screen. Note the inversion of order of
v1 d v2 in thektwo commands. Incidentallye the ¢ cter.count in v% ‘

FR . - - ' s o . "44 -
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L There are a few other st:‘ oriented commands: -clock- wxll get the
. . time, -date— gets today's ‘datel gets the (18-character) name_the R
studént is. reg:.stered mnder, an -cours - gets the course he is reg:.stered oL
in. For example- SN T ; . Co
o 0 "™ name -+ wt - 7 $$ vl and v2 for name . N |
. .course v3 o R e N e
o - clock , v4 . .- </h_‘ ' & ’ , . , I
date+ v5 e SRR o PPN
‘ write Hello! Your. name is ‘<a,v1,18p . B, e
x. .. .. You are registered in 'Qa,V3P . - o
) N The time is <a,v4p - R R
\ S ‘The date is <Ia,v5P.f S, : ,
.. ,' . ’ % : : . . e

' Suppose the student is. rng.stered as “sam nottz.ngham“ in ‘a cours ‘ “;frerichilﬁ"‘f.t,.zf*f_

o It is 18:45:37PM (22:45:37 on a 24-hour clock) on. June ‘3. 1974. fl‘he_ student - -
AR .will receive thJ.S dJ.splay- \ : j . : , B e s
ce R " Hello! Your name is sam'nottingham.
.7 You are registered in fre\pch4. . SR
B ' The time is 22.45,37. ', - TR S
“The date is ﬂﬁ/ﬂ3/74. \ . R ' ‘

All of these commands » —name=, -course-e.,,' -clock- an
' the requested character str:.ng J.n the spec:.f:.ec} var:. | na b
“wshowa=~. . ‘ ' SN AT s /

» . . At

\?dat&\- ,. sun}.)ly’ plé\ce.

-c:l.ock- command produces ‘a character skr-‘:mg. : 'l‘h re is a system ,
S L "clock" ‘which may be used in calculatidnal expressz.ons. it holds
PR /’ the number>Qf seconds of 'a daily clock to the nearest thousan th of a second,

. It is caveme . for. calculating the amount of t:une spent in a section of g\
\ .. lesson. : . . .

[SUrS

. The ~date- command pr 4T
producés a nmnber orresponding to the number" of days elapsed sinc -
January 1, 1973. %u.s number of days ‘and fract:.on oﬂ a day :.s acé'

one-tenth oﬁ a second. ‘ . - - S ,*.{ _‘,»

-~ . a o

‘\

tha,t the Judgmg conmands ump- and =put~ together wa.th’ the regu.‘l.a - sk
. oriente _commang§ -move-, -search- » and =pack= can. be used to- chang' L an
othemi e intractable responSe-into a form which can be handled wit
Tl Judg:.ng commands. _ This is a useful scheme as. 16ng as- only minor modif
L 7T are requ:.red. However, if major mod:.f:.cat:.o;xs of the requnsa are r 13
‘'~ in order to be able to use TUTOR judging fa/c:ilz.ties, it is usually ‘siimp
' to "do your own judging". 'l‘hat t:‘X\s.,‘.v,just get the student's response With |

7 e *storea- andt en" analyze it w:. strmg-ora.ented commands. together w. \th the
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additional calcul lonalxmachlnery descrlbéd in chapter IX. You m1gh not L4
\ even want to use Fe built-=in marker features of the -arrow- q/ommand, with. !
. the associated réturns to the ~arrcw- when there is a "no" Judgment. no .
such circumstances you might write a subrouﬁlne to be used in: place off, - '
-arrow= commapds, which merely eoI}ects.the student's response: B
/ ) o .
i o . unit  arrow(apgs) - e B : J
- ' arrow apos o . : ‘ﬁ; _ \T 7 )
s, ‘ ‘ storsda sstr, scvt4=Jcount o ' ) I o
S : . specs  nookno e o o : - ‘
. ok ®

endarrow

Instead of writing "arfow 1815" with associgted judgrhg_qommands you would

o “Naturally this Gofirse of action i advlsable ohiy if\
' analyze»respons whlch have a form verm dlfferent from those classes of -

.\ f
Catching every /key: -pause*,.-keytypdf,\and -group-
Somebimeg it is usef&l to procese individual keypreskes without waiting N
for a NEXT key. We have already dls¢ussed such typical éx es as mov1ng o 7
a cursor and/choosing a topic from.an index. These examples used a "long ¥ 1"
! with an -arrpw- ‘in ofder to catch each keypress. A There is lanother way -to do -
thls, invol 1ng the, ~pause~ cbmmand: which was introduced 1n'ch9pter II in_ .
connéction with-cre ting displays,’ partlcularly timed animations. As was
“ pointed out in the discussion’ of the ~jkey- command lﬁ\the present chapter,:
the system variable "key" conta1n§ a number corresponding to the most r7 ent
key pressed by the student. “For example, if the student preSSes the
Jdetter "df, the system variable "key" will have the rumerical value\4 (sidce
d is the 4th letter in the alphabet). Putting these notions together,/we
" have the/follawing 'kind of structure: ~  * \\\ : :

/

write~ ‘Préss "ar, p1ease..‘ S
pause =~ /-
writec key#4 You dldnrt\preff d.,Good'f




 vir - s8

',':; v The blank -pause- statement ("blank" in the‘sense\of‘having no tag) causes - -
L TUTOR to wait for the student to press a key. Any ke w111 cause TUTOR to - .
IR ‘move past the‘*padse- to the next statement. :

-

_ In the example shown, the. ~=pause~-.is followed by § -writec- conditional
4 .+ on "key#4". This -writec- can be- wrltten in more readaple form by replacing .
‘ - . the "4" by "a": , S f )
i \-\ ' N ’ ’ . . : .
> ' 2 writeC*‘key#"d",You didn't press‘d.,Good!
Encloslng the & with (double) quote marks, is taken in ca‘culatlonal expresslons
_ to mean the numbeq) . Similarly, (v3<="z") will assign the valué 26 to v3.
- If the student ;;esses g or 1, "key" will have the numerical value 27 or 28 _g'
» respectively." ‘That is, the 26 letters are followed by the numbers @ through’
, ‘9, then come various punctuation marks.— If the student presses the plus .
o - key, "key" will have" the npmerical value *+ which happens to be 37. 1If the
‘ ; student presses a cap;pal D, "key"-W11L have the value 64+"d", or. 68. The
: *  shifted or upper case letters have "key" value ‘%4 greater than the correspondlng
lower-case letters. Caution: some common keys such as parentheses have key -
numbgis smaller than 64 despite requiring the’ shift key" to type them. The.
_ most commonly used characters (1ower-case letters, numbers, and common . o
- % punctuation marks) ‘have key numbers less than 64, 1ndep ndent of whether they
- " are typed using -the shift key. As for the functlon key (NEXT, BACK, HELP1,
- ~etc.), we already saw.in connection with the -Jkey- commgnd that ‘the ooxxespond-.'
1ng key numbers are glven by next, back, he1p1, etc.,/a in ' : : o

T \ ‘ y B . . ;\\\\< o
L ... goto key=he\pf*yes,no' LT e m\\ R
\, . L . . ’ //’.. L
Ne~quote marks are used for the functlon keys.: , S
f . . e ‘ N
A more .convenient way to determlne which key has been pressed 1s to
use a -keytype- command. COnslder a cursor-mov1ng procedure:

define num—vS,x=v1,y—v2 dx=1

unit cursor . i ,
oL . pause ¢ B < . L v
/:;:akeytype num,d,e,w,q,a,z,x;c ~ Y . L ‘\\\\\‘ A
goto num, CUrsor,Xx ' . - e < S
RV o S T - ' N
_calcs numﬂﬂ,y4=y.y+dy.y+dy.y+dy.y.y~dy.y-dy.y-dy \
*;p.' ) The -keytype- command searéhes through the 11sted keys 4, e, w5 q, a, z,
" X, and c.in th1s case) and, similar to the -match- command, séts "num" to\qle
v if the key‘is not found in this list, or to #, 1, 2, 3, etc.; if it is NS
¢ ' found If the student presses d, "num" will bé set to.f@; if he presses c, RN

. "num":will be 7; and if he presses D, “mnun" &111 be set to -1. . The agoto-
”,bstatement effectlvely causes all upllsted keys to be 1gnored '

o




. key timeup is one generated by TUTOR when a timing key is “pressed" as

. them with your own -group- commands, you can in & -keytype— command refer.

.

_\vz:'::t’_-(s“s )
R y o

.. Note that no quote marks.are used inysﬁec1fying keys in a -keytype- .
command. Qapltal 1etters and functlon keys may also béfllsted

\

keytype v3,a,A b, B,next data,tlmeup
. - .

Whlle the -keytype- command is most often used in conjunction w1th a--pause-
command, it ‘can be used in association with an -arrow- command or -any time
thdat you want:to decide what key was-pressed most recently - The function

_ the result of an earller ~time- command (see chapter II) .. - .
, S / S . P
- Just as the -llst- command can -be used to Spec1fy a set of synonomous >
words and numbers for use in -dhswer- and -match-, so there is a -group-.e s
command available for Spec1fy1ng synonomous keys for use,ln a -keytype— -
commandK, S . . v . / L v o
. { ’ o . \ : ;‘ o YR - ‘ ; .. v
define -keynum~v23§\;gkey—v2ﬁ R L e R _
> group ° algebra,x,yyz IP/ S S , A
e i «.. R g T
PR . ' - RN : R b. R . T . a8
. i R TR N - .
: keytype'keynuﬁ,a,?,algebra,he}p‘,.' - o _ b SR &

; If the student presses any of the keys x, y,‘br z, the varlable “keynum"'
" will be assigned the Value 2, An addltlonal -keytype- command can be used

‘to separate members. Qf a group: - : L .
- _.fkeytype keynum,a,b,algebra,help A . I L o
Ty goto keynum,none,ua,ub,alg,somehelp I :
’ - l) ' ) - A P ) ' L
unit alg =~ S ol o o —
keytype algkey,x,¥,z : '

~ vy . . ~

Some partlcularly useful -group— deflnltlons are bu11t-1n. Wlthout spec1fy1ng\

to these groups; ° ;
\@ b . .t ) < N ) ’ . Ll
%alpha g \Vall 52 lower-case and upper-case letters = N
o numeric ~  P.through 9° - S e
A funct function keys (next help,etc.) ‘ o0
. - i .- | . “\ ¢ . °
v ot -//' . . N
- ey ‘ L)
- : . . . .
- /! P co ' :
i Q -, \ ) . he .
. ~ 7 : . . -
N ’ N | ’ . . h
B ot . - ) .. -
;,, . L B 1 e
- ; ) .
o 136 . \\
~. L ‘ ! o . -
ONL L . BRI . A -4
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"An example of the uge of these built-in groups might be. o §§‘_,,f’///

*keytype v45,funct,a,b,c“' You can also use previously defined or built-in’
‘groups in defining new groups: :

g group' m?{apbpcph‘lp R | " N ’ \ A\ .“ :»
group g,mine,d,e L o e .
grou ali,a,B,C,our ,numerlc,funct . ;

. - . » N

v

It is important to nbte that if you use a -pause- the key pressed will .

not cause the yssociated character to appear on the student's .screen. . You
are in complete control. You -may write something on the screen or not, as’
you choose. Only if you usp an =-arrow- will’' the standard key display take
place, with the associated ERASE and other standard typing features dvailable,
Similarly, 1f you(press HELP, you will not automatically branch to a unit
specified by a previous ~help- command, because a blank -pause— giﬁgs you -

- every Kkey, function key or not: .

. There 1s ‘a variant of the. -pause- command wh;ch is usually’ﬁsiefuseful
' than the blank -pause-. You can. deflne whlch keys are to be accepted, and
..all other keys will- be ignored- , _ . . ,””
. ’ \\‘“ . : s ‘
° ,'7 . e~ v ’ . )
. . . ) . \\. N ‘. . 5 .
‘. .o . . . : - P
_J next - umore L L . S .
s» ..hélp -discuss = - e o '
' ‘ ’data ~ tables. Lot o -
) ) . »\" ‘ .E . . ‘ ‘ . ' % Lo y v, N -—: .
s pause ‘keys=d,D,next,term,help;help1 o e g L T—
o ¢ o . e o
S e o , , -
Q 7 - o [
¢ . ® ?(' ~ i 1 o - g
Y Loy < & - '
.g- - . N . 1\&

Any key not llsted<here is completely 1gnored, as though the- student had -

T" not pressed it. Of the functlon keys listed, the HELP key will take the
student to>un1t "discuss"™, since you have already spedified what you wapt
the HELP key to ‘do. Note that this is not possible with a blank -pause=~

" which catches all keys. Slmilarly what the. TERM key will do has been

predeflned : the student will be &Eked "what‘§erm?“ But the DATA kéy will
be 1gnored ‘since it is not listed in the <pause- statement, and the student
cannpt reach unit "tables" with the DATA’ ‘key until he has passed the -pause-.
‘Pressing d, D, NEXT, or- HELP1 will take the student past ‘the -pause-. The
NEXT key,is slightly speeial here in that the preceeding speclflcatlon -
"next umbre", dnlike "help dxscuss", télls TUTOR what to do whén the. -
present\maln unlt,has been. completed. Tﬂuspréssing NEXT here just takes us
past the)~pause— rather than branching us 1mmediate1y to a different unit
as HELP'dbes. - . :

i ) v L S

4
& -

N
-

-



.. various types of student responses. There are -answer- and.-wrong- (aided

SN VII - 61

A ‘

If you want the HELP key not to be ignored but not to access unit
"discuss", the ' gtatement "help discuss" must follow the -pause- state-
ment, or a "help q" must precede the -pause- in order to quit specifying

a helP qnit. ﬂ \ . "

L4

» . : ~ ’
Sumf! B . . >,|
~ This chapter has demonstrated an array of techniques for judging

y =list~) for handling sentences composed from a rather small vocabuiary .
_Of words. There is ~-concept= (supported by ~vocabs~) to handle dialogs

inXolving a large Vocabulary. The ~match- and ~storen- commands can be )
used to pull out pieces of a student's response. There are -ansve, . T..
-=Wrorngv<, =angu=-, and -wrongu=~, aided by "define .gtudent", for judging'
numerical and algebraic responses. The ~exact- and ~exacto- commands can
be used\when it is important that the response take & particular precise :
€ =specs~ command permits you té-control vatious options associated
with these commands and also provides a convenient marker of centralized . v
post-judging processing. The regular ~judge~ command offers additional

control over the judging /process. The ~bump~ and =-put- commands can be tsed

to change a gstudent's r¢sponsd into a form more easily handled by the o .
standard judging commands. The -jkey- command can be used to. cause jdﬁging~ ’
to start when keys other than NEXT are pressed. The construction of f
randomized drills was illustrated, with the use of =getperm-, randp-,
~remove=-, and -modperm-, ° ) ‘

. ) . . S

, T . -
You have also seen- how to:store numeric and alpﬁhhumeriCLIesponses~
-later processing (—storeémapdlggtorea-); These capabilitjes make it podsible -
to "do your own judging" .in those cases where the standard judging co ands

are not suitabfe. - Th basic TUTOR judging commahds provide a gfea deal
of power bnt cannot handle all possible situations. Fortunately there is
always the possibility_of performing calclations on stored student'reqpon
which means that TUTOR is open-ended in its judging power., The regular
commands, -~search~ a -move- can>be used to manipulate stored‘bharacsgv‘

strings. (In chapter IX you will find discussions of - "segments" Egd "bit \i;
a

)

_manipulations" which permit you to use the ~calc- .command to perfgrm addition
operations on character strings.) We also discussed how to handleé ‘input .
from the student by collecting each key with 4 -pause- tommand, then using o
-keytype- (aided by -group-) to maké decisions on a key-by-key basis. ~ .

/

s

We arso’dischssed in some detail the markermpioperties of'#he 1afraw-f‘~
command. The -arrow- .command sexnves as an anchor point which TUTOR clings

" . to until the ~-arrow- is satisfied by an. "ok" judgment, at which point‘a

-search is made for additiocnal -arrow: comnghds. We looRed at some cases - = - . L
involving the repeated execution of -join- in regular, judging, and search .., SN
states, and of the no ~execution of -goto- in the judging and"search states. o :
We also looked at othfr side-effects of *the ~arrow- command , including .initial= =
izations associated with -size=, qutateé, ~long~- ~jkey-, .and --copy-. -,

R . v , c e g e
-/ , 138 - ‘ - . . ..

. - D ‘e
.
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‘It is planned that TUTOR have additional judging capabilitics added -
to it in the future. One major improvement is imminent: the use of multi-
word "phrases" such as "Santa Maria" and “out of order" in ~answer- and
related commands. Such phrases would be handled essentially as though they
were single words. This turns out to be extremely useful in judging sentences .
correctly. This phrase foature is now available in -vocabs- but has not . o
yet been extended to the other word-oriented TUTOR machinery.

It is hoped that you will re-read this chapter occasionally in the )

course of writing curriculum materials. The TUTOR judging capabilities are T
extremely rich because of the wide range of student responses that must be /$3
handled properly for lesson material to be successful. You should dip into

. this chapter occasionally as your own work suggests questions as to how to

. Judge various classes of responses. Do not feel unhappy that some aspects
of judging aren't clear to you at this ‘time., Just be sure to reread

- appropriate sections of this chapter at a later- time, when you need the

details. For now it is syfficient to kpow what is available, and roughly

in what form. : . 4 v .

’




" edge of the screen, TUTOR performs a carriage ret "to Brop down one line,

';set by -arrow-..

K ) ) R ' B L s \ N
’ o : . ¢ A . - : . '

. ©VIII - 1

VIII. Additional display features o * .
P - R \
More on the -write--command ' ‘ ' s
R . . S0)
. ] A .

It should be pointed out that the -at- command not .only specifies a
screen position for subsequent, writing but also establishes a ‘left margin
for "carriage returns" (CR on the keyset) in analogy to a'typewriter. Upon
completion of one line of text, the next line will start at the left margin

set by the last -at- command. There are carriage returns implicit in
"continued" write statements: : -

at ' 1215 ' '

: S “
write, Now is the e
. : .- time for all o _
‘ good men to Ny : n
. ~ o o,
N come home. N S

o

The "at 1215 establishes a left mar
so that each line will start there. This.e ample wi‘l produce an aligned :
screen display/51milar to the appearance of :

statement.

._‘\

-

The setting of a margin by -at- has an unusﬂal side effect Consider:

at |, 2163 | : BN )
~ . write. The cow jumped. . ‘4/ v \tfi“,‘ o \

This will put the folloding\aiagiay on the screeg; - x‘x\‘ o
o _ - S _
. B I Th < ;\\‘\\ ) N °, . -
i . . . . v e 7 . - o . ) w‘ . . Z
co ‘ o A '

w . \ v
. Ju ' \ J
- mp

ed

. . - . .

‘ S due to the left’ margin at characteé\b«eiticn.63, 3ust two characters
shy of the right edge of the screen. When a -write- would go past the right

starting at the left margin. An -arrow- also sets a left margin with respect
to the student typing a ‘long response which sould pass the right edge of the
_screenj; further typing .appears on the next lower line starting at the margin
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It is imjbrtant
aut

at
write
write

xﬁis sequence will display "horsesand cows™ all on line 7.
. {"horses") advances the
.the preceding -at- tqQ 712+6%7

Without an explicit -at- to change.
starts at position 718.

'71é/f‘l '\\\ _- -

at

tically advances

VIII -

1

understand thatywriting charactérs gn the screen '
terminal's current screen poaition.‘\Suppose we

712 . ' .

- horses . o ' .

and cows

The first -write-'

inal's screen position from the 712 specified by .

there being 6 characters in the text "horses®,
this, the second -write- ("and cows")

Note that ' :

 write hogses : ~_ , h ‘ -
. +and cows - o :

would give,g gifferent_diSplay:.

horses . e o T
© ¢+ . and cq\\ : - . . N .
because the "éontinued“ -write- stateg\nt xmpiIEﬁ\ iage returns. .

TUEgR keeps~track of the current screen position in a system variable

named "where". For example, « - .
’ S . . o/
R at’ M2 o . N .
: \\\\\ . . write horses . $ ’ o K
™, . . ‘at  where+3f5 $$ "where" is 712+6=718 here*
' " write.. and cows o ' ‘
S\ 4
will produce the display - A . ' .

where . ' .

'ihorses#(/tf/// ‘ ) | E
- " 3 lines L ‘C;’;,——where+3ﬁ5 .
& d cows o
5 charac"tfc_-r_-?,"> ‘

The statement "write horses" leaves the screén position at 712+6=718."and7the
system variablé "where" therefore has the value 718. When you then say "at
where+3@5" this is equqyalent to saying "at 718+385" or "at 1423".




»

to "wherex+$5X8),wherey-(3x16)" bedause a character space is 8 dots wide nd

AN ) R ) - ‘ . - \\
~ - VIII - 3 ' / : R
\,mﬁ// > | ‘ « ' \ N
s ere are many uses of this "where" system var1ab1e. Here-is another N
example- , : . ‘
at » 1215 - . S ' . _ |
write What<is your name? o oL
: - arrow where+3 ._ - ‘ . \j C -
/ N - \\ . \\\ \ - |
Thid will appear as \ o _ A ‘ N

EW .

What 'is_your name? & Sam

The arrow|has been positioned 3 characteérs beyond the end of the ~write=-
statement 5 d1sp1ay

The Rositioning 'n}ormaﬁlon is useful wrkp other d1sp1ay commands as A
weli Consider this:
v _\at ’
write -
draw . - >
» ' - \ . d \
This will display underlined text: ~ | \
Look at this! ' e \k\\_
. A i . o _ v . A \
This is due to the fact that| upon completion of fhe -write- statement "where' o
refers to the beginning of the next character position, just after the excla- .,‘_‘\ ’
mation point. We simply dra from there back to the starting point. This .
form of the '-d¥aw~ statement \is so common that a concise £ is petmitted; S .
"draw. ;815" is equlvalent to "draw where;815". Eithey form will draw 3 o
a line or figure star at the current screen p051t10n. is is partlcularly .
.useful in constructlng by conne t1ng the new point to the last point . N\
with a line. The point xea d with a -draw- (or any display \command) will
be the new screen position anli may be referred to through the stem variablef\
"where", Whlch is kept up to daEé utomatlcally by TUTOR.~ : .
N ‘ - |
There are fine-grid system varlabies “wherex" and "wherey" whl\ correspgnd |
exactly to the coarse~-grid "where\‘ The position "where+3@5" is equivalent f *

16 dots high. The mlnus sign is pqesent‘because ‘in coarge grid line 4 is
below line 3, whereas 1n f1ne gr1d dot 472 15 above ot 471.

.Superscripts and SubSCrlptS may be typed either.in a\locking or non-
1ock1ng mode. To type "1923 you can either - (a;ézreSs 1, press #, press

SUPER, press 2, press SUPER, press 3 (non-locking case) or, (b) )
press f#, press shift-SUPER (that is, hold down the shift key whi
SUPER}, press 2, press-3. To get down from a locked superscript yo type
shlft-SUB (locking ‘subscript). Notice that in typ1ng superscrlpts ‘or\sub=-

material to bg moved up or down; you do not “hold these keys down while t J
unlike the sh1ft key used for: maklng cap1ta1 1etters. ¢ AN

1
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77 . It is possible to overstrlke characters to make. combinationl. The

‘ symbol "V" can be made.by typing v, backspace} SUPER, minus sign. This
will superimpose a raised minus sign above the v. The backspace is typed
N d holding down the. shift key while hitting- the wide space bar at the bottom
B “of the keyset. Similarly, “horse" can be typed by typing thorse" followed
N by five backspaces and five underline chardcters. Note that these super- .
positions of characters won't work in "mode rewrite", where.a new character ..

i+

q.;a written on the screen. In mode rewrite the last example, would sﬂbw up ..

’"_____". the "horse" having been wiped out: by the’ characters whose . only.
- v1éible dots are the low, horizontal bars, . ° . oL
.\\ - . . L . . . _— -,
» . ‘ » . . . -

Extensions to the basic character set A

r

We've seen examples of lower-case and upper-case characters. numbers,
punctuation marks, superscripts, and subscripts. What if -you need ‘special
accent marks, or an unusual mathematical symboi, or. the entire Cyrillic
alphabet for writing Russian?| It is important that you be able to write -
text on the screen using the pec1a1 symbols of your particular subJect area.
In. additlon, it is possible td use special characters to display small,
intricate igures whose d1sp1 y would be slow and cumbersome if doné w1th
~draw- co! ds. _ N

‘e

The PLATO terminal-as 126 built-in characters (including those used so _
‘far) and storage for 126 additional characters which can be different in
.every lesson. For example, Russian lessons fill this additional character
storage space with the Cyr‘lllc alphabet, whereas ‘there is a genetics lesson
which f£ills the storage ared with fruitfly parts, which permit displaying

- flies Py _writing appropriate\characters at appropriate ‘positions on the
screen. We will learn how to \access all 252 characters--those bu11t-1n and .

those which can be va ied.-

The 126 built-incharacters clude many useful symbdls whzch do hotJap-
pear on the keyset, because there ayen tlenough keysl This is due tckthﬂ
fact that the keys on the right of the keyset are reserved for various imy v
portant functions (ERASE, BACK, STOP,\etc¢.). 1In order to access he "hidden"
characters it is necessary to first.styike the ACCESS key «(prese tly .the * .. ~
shift-[] key) and then| to strike a second key. Like SUPER and.SUB, the
- ACCESS key is not held down but’.stypuck. You can press, ACCESS, ‘them"a" - .
. * to get'a Greek alpha; ACCESS-"b" Eo¥ beth; ACCESS-m" for mu; ACCESS-"="
. o for "#"; ACCESS-"<" or ">" for "s£" or "2". At a terminal it is useful
T to try ACCESS followgd by every key (or shifted key) -to find about 36 useful -
' hidden characters. Luckily in most ¢cases there is a mnemonic connection
between the key which follows -the ACCESS key and the hlddeﬁ character which
results, such as # being ACCESS-“=“ . ACCESS followed by commna gives the
symbol $ mentioned in the disCussion of the -writec- command in chapter VI.
- ACGESS-f and ACCESS=1 give the symbols '4 and P- used for embedding -show- . -
commands in -write- statements, C A v . .

- - . .
: . _ . , .
. : e S ~
1 . ‘ . ’ . ~

.
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You chn get at the “"alternate font" of 126 additional, moaifiahle . 7
characters by pressing the FONT key (the ghifted MICRO key); then typing T
regular keys, which will produce characters from the alterhate font. What ' |
. characters appear depends on what character set has been previously loaded . - :
into the terminal. The FONT key todgles you between the standard built-
. ' in font and the alternate font: you stay in the alternate font until you
strike FONT'to return to the standard font. It is therefore not necessary

S . ' to strike FONT for each symbol (unlike the way ACCESS wofka) .- . . T
v ' . ‘ Here is an example of the use of a special character get:
) at 212 o . 7f/ e
‘ "write Now LOADING CHARACTER SET. A : |
Co Please be patient - loading ) . o / : '
. * : takes ‘about 17 seconds. : . ’
e 'Z”’):Ezz-charset standard,russian : e, :
- -erase - . $8 full-screén erase to remove message .
' unit intro o : c .
élt o9gs - . i o _
. write The Russian word Kapaunam means pencil. .

¥

The -charset- statement\sends to the te 1nal the character set specified

im the tag (character set “standard,russian" in this case). Character ~

_ rns are transmitted to the terminal at a rate.of 7. 5 charatter patterns

\\S\\ per second, so @ full t26=charaéter set'w111 take about 17 seconds:to. send. .
'Precede the -charset- command with a -wrlte- statement to explain this delay

S to the student; otherwise he will think something is broken! fThe full-screen
erase- w1ll remove the message upon completlon of the oad1ng process. :
N ~ Once th\\character patterns have \been loaded into the terminal it is possible
: - . to ite Russiar text on the student's scseen at the -same igh speed as
’ J English, 188 character per second‘ which correspond to a reading speed of -
: | almost two thousand words per m1nute. - R T
' TOR ﬁ\éps tr\ci\of which character set has been loaded into the termlnal
. and skips a -charset>. statement if loading is not required. 1In the above
example TUTOR® would\rnsh\r;ght through the message, skipping the -charset-,
- and erasing the screen. There would not be the 17-second delay which occurs. .
A\ _.J'if the Cyrillic characters have not been loaded - -~
A s .
‘ . The =-write- statement lh un1t " idtro" is created by-.<~ ey T ’
1. - typing "writé The Russian w ", ) ' \\
. + 2. striking the FONT key to select the alternate font;
. N 3. typing the keys k, a, ¥, a, n, d, a, s (which causes xapannaw to
-~ ~ appear) ;

. 4. striking the FONT key to toggle back to the standard font;
typlng " means pencil."

- ' the Cyrillic "
. " two letters. Similarly, the Cyr:.ll:.c "p" and LR sound l:.ke the "r" and "n"
’ letters with whcse keys they are aSsoclated Just as accessing some of the




‘but his typing appears in the alternate font. o

'(whlch write a message, load\a character set, and then erase the screen) .are

Aabllity.

&

- . ' N : . ) - ' ) N
. e/ .

I " - vIIr -6 - (( .
. . ) ' - A ~ . N L2

\ v ‘ —

126 built~in characters requires the ACCESS key, sd a full 126-character
alternate-font will also necessitate the use of the ACCESS key to reach some
of the characters. S _ R R
. R _ _ N

If the student is to respond at an -arrow- with a Russian response, he
mugt hit the FONT key in ordey to do so: Usually it is preferable to precede
the first judging command with the statement "force font" which essentially .
hits the FONT key for the student. He merely uses the regular typing keys, - Sy

P

L]

The “initial entry unit"*-ieu :

You may have not1ced that the first few statements of the previous example >

not preceded by a -unit- statem . This is intentional. TUTOR statements
which precede the first -unit- statement ("unit intro" in this case) consti-
tute an Jinitial entry unit" which i performed whenever a student enters the
lesson.- .The "initial entry unit" ("iew" for Short) is the logical place to
put various kinds of initializationsy'such ag a -charset- statement to load
characters which will be uged throughouf the lesson. -Although ~define-,
«vocabs-, and -list- statements are not actually executed {they-are only
instructions to TUTOR on how to interpret -calc-, -concept-~; ‘and -answer-
statements in preparing a lesson for student use) .they can be placeﬁ‘ln the
"jeu"; they do belong at the beginning of the. lesson for the sake of read- _ -

\\\/

i : —

The 1mportance of. the "1eu" lies in the fact that it is performed no - .
matter where the student ‘starts in the lesson--even if he does not start at
the first unit statement. A student who léaves without f1n1sh1ng a lesson
will restart the next day where he left off because TUTOR keeps track of o
where. he was when he left. It is important in restarting to load the ap- -
propriate character set;, which would not be accomplished if the -charset- .
statement came' after the first -unit- statement since the student Wlll not ,
go through this first unit in restartlng where he left off e

Suppose the student is to restart in unlt "mlddle", Wthh ooks llke
this' _ . ,

- ,unit mlddle ’ - ¢ ' .
"~ next m1d} ; : o - ‘
){, i B .

. , ~unit middle L 4
) . {do "jeu") . ‘ L.
' next mid2 :

This pseudo-do is the reason for following the -charset- statement w1th a
full-screen erase. We don't want the "loading" message to mess up the dis-
play created by unit "mlddle".

. . ) B o ,
.o - . g
. : ,
.
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Smooth animations uSing special characters L e ERIE o S
The ~charset- command.ie not, limiEed to its use with foreign alphabets. . L
Special characters are ofteﬂ used'to create pictures' .
. T - -~ < s . . »
" , o ‘at | 1319 | : . L
S o | write This qub Uses <pioizl sharaceerg! B

- -

"The car is composed of several adjacent-qharactere. ‘Because characters can
ot ", be drawn very fast (18# per secorid) dramatic animations are possible:
. s > >~ ; ! e B o -

. : - mode = rewrite - R . ‘ . Tt
o ’ o " de drive,x<=190,499 . ' .
-, ‘ , - ’ v R
. . . unit drive : - 1 e : e .
~ - = oat  x,20 o : B
S , . , . ’ S * : . hd
’ .\‘ . write qfﬁ; » . ) . . | ,. ) ‘i{:.
. The car advances one dot at a time. If the car charact rs are desighed in* ~ . | ;-\
. ‘v" such a wag as to leave a vertical column of blank_dots at the back of the ' )
car, the "rewrite" mode will insure that the advancing car simultaneously -« *
' erases its old position. If two columns are left blank the car could*be :
: - advanced two ,dots at a time &nd still’ coMpletely Wipe out’ the previous car - .
display. .This type of dnimation can rurras fast as tWenty or thirty moves B
_?er second, which creates the' illusion of a smoothly moving'object. n S
, : . ' : . .
- . . . . - . .
For the built-in characters there is an expandable and rotatable but '
slow line~drawn form available through the use bf -size~ and ~rotate~, but T
*  these commands have no effect on text written in the alternate font. If ,
a larger or rotated car is needed it must either be constructed with ~draw-~ i
and -circle-~ commands or built up out of dditional special characters. ; -
. < . ) .0 “ . ' «
. - Creating a n character, get . o _ ‘
: : : N — , : A

Figure 1 demonstrates how a special character is designed at a PLATO
.terminal. The author moves the cursor on an 8 x 16 grid to specify which
. dots are to be lit. He'can inspect "in the small® the appearance of the
+.  character he. designs "in the large".‘ The letter shown at the top of the’
page is the key with which this character will be ‘associated when typing in_
. the alternate font, just as character "A" is associated with key "d" in
"charset russian". The character pattern is stored in such a way that the
author can at any later time recall the pattern and modify it. A character
set can contain up to 126 special character or, as few ai‘one or two characters.

,  Figure 2.shows how an author can create several 8 X 16 characters at

{ once to be used together or separately. This option is. particularly helpful A
when designing character-mode pictures. o ' '
P .

Your own character set will be stored in an electronic storage area
assigned to you. Such storage areas are called "lesson spaces" because’
they mainly hold TUTOR statements describing a lesson to be administered
to students by PLATO. . Youi. lesson space might be called "italian3" and
it is by this name that yougrefer to the lesson space when you want to look -

~
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1so have one\or|more gharacter sets, which you will haye named. ' Suppose"

}n lesson spa 'italian3" you have stored a chara amed "rome".

Then. the- TUTOR statement used to tranfmlt th1s character set to\a term1na1 ‘ -
'Q- 1S ) A of .

o . w | | _ RN o
o - charset italian3,rome L _ ‘ ' ,,\\\\\J o
i . . P \ .

. SR , N

t the TUTOR ta'emenﬂgxon change them. - Within ‘this lesson space you can

- lesson space - character set o - \\ " o
| \ W.Q
~ . ® ?\\w ' . o
= Micro tables w0~ - ' ’ . : . 4 T
¢ B —————————— . L v ) , : ° . ! N ' ’ '\\
N N v » ’ . . ! ' . ~.\_. S . . ‘ ) ’ /
1 It is SOmetlmes sirable to associate a string of. several characters/ _
. With a single key. For example, the symbol ¥ may be produced by v, backspace, o

o superscrlpt, mihus sigq\‘bit is pessible to set up a "micro table" so that <’ e
’ '~ ¥ may be produced simply by hitting the MICRO key followed by hitting. "v", e
Slmll\;ly, the micro table might specify that MICRO-"e" should be equivalent
to typing e, shift-SUPER, k, x, SUPER, shift-SUB to me}ke ekx?, = :
* The micro’ table makes possible a kind of shorthand which'can be useful :
> both to authors coémposing. -wrlte- statements and to students typlng comp11cated
‘ responses. : * \N ¥ : .

~

L1ke character sets, mitro tagies reside in lesson spaces. - If lesson
space "italian3" contains a micro table named "dante", these micros can be .

made "available to students by the statement -
- v 3 - . ’7'

micro italian3 dante - L o -
As with -charset-, the -micro- statement should be placed in the
(1n1t1a1 entry’ unlt) ‘ .

" ieull

" Figure 3 shows how an author defines an item in a micro table, by N
associating a string of characters with a particular key. ' Later the effect
‘of striking MICRO followed by thfs\key is identical .to. typing this string of , -
' characters. . )

. . '
N . . .

if you do not specify your own micro table a standard'one is provided:
that lets yow use the MICRO key as though 1t were the ACCESS key: for
~ example, MICRO~"p" gives ACCESS-"p", which'is ~w. This means you can and™
should mention only the MICRO key to students in your typing directions to
them.‘ It 1is ‘not necessary to mention ACSESS.

\ ' ) o

The graphing tommands: plotting graphs w\th scallng and 1abe11ng S ~

You may often want to plot a'horizontal or vertlcal bar graph or other

_ kind of graph to display relationships. .There exists a group of TUTOR
. commands which collectiVely make it very easy to produce such displays. In
particular, scaling of your variables to screén coordinates is automatic, .
as is the numerical labeling of the axes, wmth tick: ma&ks along the'Bxes. _ -
F1gure 4 shows an example. ‘

* Wwith a "force micro" in effect, the student does not have to press MICRO.
This makef it easy to redeflne the keyboard ot o . -
-EC S X T




v - , g
s I - 9 | e ; .
©w. . ) .
o o
- Suppose you want d graph to occupy the lower half of the screen. The .y
horlzontal x=axis should run from ‘zero to ten and the vertical y-axis from/
zero to two.‘ Both- aiegnshould be labeled approprlately. These statements . A
- will make the display shown. - , . o
' f\ . . uwnit setup . : o "
: S >~ origin 5@,58™ - $$ x,y origin- . - -
// , vv4ﬂﬂ,15ﬂ $$ lengths .4in dots L -
' $$ maximum x . ., AR
| N - . $$ maximum y ; A %
~. labelx ~ $$ major mark every 2,A '
‘ W ~ minor every .5
[~ - labely .5 > 88 maJor mark every .5 k
« [ .s_l_: C i,:‘ graph ‘6,1-5,A‘ Q{—G, y=1 5 o ’ \
: 4 . ] graph 8,.5,BC Y $§ x=8, y=.5 g
. . hbar . *3,1.5 ~ $$horizontal bar to

! R LI 4 3 G ‘ 0§ qdraw 2’ «3; 4 1 5 7’ - DR
: Nt P locate . 4,2 . )
. . - write ‘Top

Y 'l.s. . ————— . -’ ~n *‘
o l.\l . / \,\\. . |SY, vbar
T fesE o RS c * :

After specifying -origin-
‘the =-scalex- and -scaley-
of the axes. These scale
given in later statements

!

4.5,1

- 3,1.5 yd‘
g $$ vertical bar to
4 5,1 /

and ~axes~ in,terms of fine-grid screen.coordinates
commands associate scale values with the end pOlntS
values determlne how (x,y) coordlnate positions

will be scaled to screen coord;n tes.
and -labely~- commands cause numerical labels and tick mark:

to appea¥. The’

statement "graph 6,1.5,A" plots an A ab x=6, y=1.5 in scaled'coordlnates;
The ~hbar~ and -vbar- commands draw horizontal and vertlcal bars ,to ‘the

The -labelx--,

v

specified scaled points.
_ are specified in terms. of scaled quant1t1es.
oo -at- but uses scaled quant1t1es.. » ;

‘The ~gdraw- command is “like ~draws, except points ~ © .
‘The -locate-_command is like"

' - display results from each statement._, f course each number in the tags of ,*j', S
* these statements could have been a ,mp11cated mathemat1ca1 expresslon. ' ’

L]

. The =-markx- an
but merely display

-marky- comman s are s1m11ar to -labelx- and vlabely-
1ck marks without writing numerical labels.

-

The -axes~

NS

|

|

L ‘.

) ! .

‘ Reread the examplée and7try to identify 1n the p1cture what part of the
!

\

I

/ ~command has an alternative .form to allow for aXes in the negative d1rections-
\ 3 v ' R ‘
¢ e ' | origin immam R
‘ . | SR -+ aXes. ,-5ﬂ,-1ﬂﬂ,3ﬂﬂ,15p o - {fgf
. . / . m:.n:jnum')x,y Taximum X,y : e
- PR A - front origin ‘from Orlnie.

iy . . . . s
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Althoughkthe commands were orlginally\deslgned to\make~1t easy to
: draw graphs, ‘the’ automatic scaling features make thesd qommands useful in
many situations. - Note in particular that yéu- can)move complicated: dlsplays .
“around on: the sdreen merely by changlng/the\rorlgln- éatement. C T
Addltlonal graphlng commands 1nc1ude -végtor- for ‘drawing a lane Wlth
.an arrowhead at one end; -polar- for - poladr co rdlnates; -lscalex- and. ~1sca1ey-
for logarithmic scales; and -funct- and--delta~ for plotting functions.:,
- The, -bounds- command has‘the same effect as -axes- in estab11sh1ng 1engths,
. but no’ axes are drawn on the screen. ' The -frame- command is used to draw

o rectangular boxes easily. . ' S ) L o Y .
_ Summary ofeline—drawlng commands~ -draw-‘~-gdraw- [rdrawit ‘ .

’ Recall that the -draw- statement has the form . %.': o f:b‘; L af;th"
;“”. - draw ' polnt1 polntz polnt3~etc.' f, ‘hi ”d 5”’ff'd:1 N ui“ ‘ :
where each point may be coarseagrid (such as "121SJ$ or frne—gradv(sdchJas R 2
"135,245"). ' Each point spe01f1catlon is set off byla Semlcolon in order to

avoid ambiguities when mixing coarse-grmd and’ flne-irld ‘points, as din- : :
“draw . 1525;1932;35; 12@;1525" (the first two points are given in coarse- 'u} .
grid; the thlrd, in f1ne-gr;d- and the last polnt in coarse-grld coordlnates)

. N - '

A d1scont1nuous line draw;ng can’ be made with- a single -draw- statement :)
!

by using the word "sklp“,.

-

. 'j draw 3 1518 1 8;skip; 1738;1718  ~ ~ °

.‘r“‘,_-«‘ -}

h Using "Sklp" in a -draw- statement means “sk1p to thé’next po;nt w1thout

draw1ng a-line." Thls example is essentlally equlvalent to . - -

dray = 1518;1538 R

draw ~ 1738;1718 - _ ' L
The only difference between “these otherw1se equlvalent forms is related to
. the fact that thHe -system variables "where“ ‘“wherex", and “wherey“ are not

: brought up to date until the comgletlon of the -draw— statement., The seguence

, _ - at- 1319 . - $$ effects “where“ ’ f .
. ~draw . +1518;1538; sk1p51738 where ‘ '
is equivalent'to c " T ,.; f"-u’ e . v
aat’ 1319 ¢ L 2 oo
draw . 1518;1538 -~ . . _ * ’
. ~draw  .1738;1319 |




at 1319 ‘ o o o T
draw 1518;1538 . ve o
\  daraw  1738;where . - . )
- Co ¢ o N
is equivalent to . N B . AN
at 1319 R B T

-

.

| | : VIII - 11 . e L o
£ | | - '

since. during the -draw- statement 9where" has the value 1319. Oon théiother
hand, the -sequence _ e o

draw  *1518;1538 . :
draw 1738;1538 J LT ‘ , o

LN

since upon complet1 e first -draw-~ statement, the value of "where"
is 1538. This difference bé
~draw- statements is sometimes
p01nt.

. | . '
‘e o

' As mentioned earlier, starting ith a semlcclon implies a cont1nued

. draw1ng from the present screen 1ocat10n- SN -
b _ ,. . ‘ \\ . -
’ at. - 9319 | _ N .
draw - 1542;1942 . : S N
o o o N .
‘is equivalent ‘to ’ o ‘ . N\
at 1319 p e ’ o
. draw where-1542-1942 " : ‘
or "draw 1319 1542&1942" o o -~ ‘
" ml '7 ¢ \‘

, Tﬁometlmes you have more polnts for a ~-draw-'than w111 f1t on one li
A "contlnued" ~-draw- can be written, with the command blank on succeeﬁlng

lines: J" . o » i .-
' araw © 1512:1543;skip; 109, 2095 N
, L. 4pE,208:4p0, 480; : ‘ ‘ .
o 1ﬂﬂ}4ﬂﬂ.1ﬂﬂ,2ﬂﬂs

" k3

‘Thls w1ll behave. as hough all the’ points: had beeri listed pn'one line.

-draw- statement gontains f1ne-gr1d or coarse-grid
icolons; "skip" can be used for a dis¢ontinuous:

To summarize, the”
points separated by s

drawing; ‘*where" and the fine-grid "wherédx' and "“wherey" are brought up to

date upon completion of the -draWb. and startlng the, tag with a semicolon
has the 'special meanlng of continuing a draw1ng front, the present screen
position. N . : o - /
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The -gdraw- command is like the =-draw- command except that points are
" relative to the graphing caordinate system established hy -origin-, -axes-.
(or ~bouhds=-), =scalex-, and -scaley- (or logarithmic scales set up by *
. =lscalex- and -lscaley-). of ‘particular value are the. "gkip" option and -
starting with a semicolon for continuing ‘a drawing.. The use of "where",.
-"wherex", and "wherey" in a -gdraw- statement is normally not meaningful,
'since these system variables refer to the absolute screen coordinate system,

not the graphing gystem. In the g aphing coordinate system, there are only ‘

fine-grid, not coarse-grid points, -all points have the form "x y .

. It is possible to use -draw- to draw something relative to ‘the present
screen position- " .

°

. draw wherex+25,wherey-75;wherex+2@@,wherey+15¢

(Remember that "wherex" and "wherey" do not change until thegcoﬁpletion of ~
.the =-draw- statement.) There is an =rdraw= command ("r" for "relative")

which makes such. drawings simpler. The éxample just .shown can be written

4 i

xdraw , zs,-vs;znp,15ﬂ g .\ ‘

.

~

Each point is taken to be Telative to the present screen position, which
" is reférred to in an -rdraw- as the point #,# (wherex+fd,wherey+f). Each
~rdraw- statement skips back to £, '# so that another -rdraw- can be performed
relative to the original screen position. It is as though you had written

*

rdraw 25,-75 209,150 skip; 9.0 ' ¥
to get back to the relative origin. Note that this is different from the
behavior of the -draw- command, Which leaves you at the last point drawn
‘to. . ]

The -rdraw- command is particularly useful for applications such as

writing the same Chinese characters at different places on the screen. For )

each c¢haracter, make a subroutine involving one or more -rdraw- statements.
The characters van be positioned with -at- statements:

-

at 4apg9,4p8 ) el : .
do . chiml . ’
Cat 499,308 - |
+do - - chin2 >
etc., - o .
. , . . i - . . : .
Or you might include the =at- statement in the character subroutines:
" do chini(4gg,489) ~ o
do . chin2(499,394) . - ' Co
- N
L] ) »
3 @ . 1{553 .
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. In this case each subroutine ‘has a form like this: .
' o, unit chin1 (a,b) _ :
. at . a,b . : . . L. K 4
» . rdraw - =75,38;75, 3ﬂ;etc. C - . N .
. . Unlike -draw-, the -rdraw- command is affected by prece ing -size- |
"+ . and -rotate- commands. Your Chinese characters can be enlarg
o size 3.5 .\  $$ 3.5 time normal size
Yol rotate 45 $$ 45 degrees ‘
* \do “ chin1(4gg,489) - | ’
. Mo = chin2(4)g,389) o

[

. Figure § shows- a design created with the following comm:xdsz

,. ~ do R figure,a<=g, 364,15
. unit figure
rotate a- '
rdraw " +-SE,0:50,0:0,208:-50,8 - X_

.The -rotafé- command affects ~rdraw- even with "size ", even though
‘ .. .~write~ is not rotated in size @#. This is done to facilTtate normal text
o operations. “As far as -rdraw- is concerned, gize § ig equivalent to size 1.
' ' As far as -write- is concerned, size @ means "write text at 184 characters
per, second, unrotated", whereas size 1 means "write line-drawn text at 6
characters per“second, rotated".

Note that -rdraw- and -gsize- are essentially reciprocal to ~gdraw--
anqd -scalex-. In the case of -rdraw- a drawing gets bigger when -size-
specifies a larger size. But specifying a larger number in a -scalex-

- command implies -that the same number of screen dots (given by -axes-) .
will now coxrespond to larger (scaled) numbers in a -gdraw-. This means e
that a larger -scq}ex— implies a smallér -gdraw- figure. Note that =-origin-
affects -gdraw- the same way that -at- affects -rdxawu. :

y

© While -scalex~ and -scaley- permit you to ‘scale -gdraw- differeﬁtly ,
in the horizontal and vertical directions, it is not yet possible to specify
both an x-size and a y-size for -rdraw-. On the other hand; -rdraw- can be

~ rotated, but there is not yet a -grotate- command for rotating a -gdraw-. S

"It is possible that these missing features will eventually be added to TUTQOR. '
Slmllarly, there may become available an -rcircle- affected by =-size- and o

- =rotate- ‘and a -gcircle- affected by -scalex- and ~sca1ey- o \ S

. .
s - N




The =-window~ command -

g
. «

. Sometimes it is ugeful to specify a ";indow" through which drawings
are viewed. Parts of a fidure extending outside the window are not drawn. i
i A rectangular wiidow is s@ecified by giving the lower left and upper right °
corners of the desired window:

window 18,288,488,308¢ ‘." : -

. ‘ lower ‘ﬁt , u@‘ right - ,

# The corners could also be given in‘coarse-grid coordihates, s in , '

"window 1524, 1248", : : » \
Drawings constructed-from the various -draw- commands and -circle=-

commands are affected by a preceding -window- command. Line-drawn text -
(size non-zero) produced by -write~, =-writecc-, -ghow-, etc., will also be
windowed. Like -size- and -rotate-, windowing is'not reset upon entering -
a new main unit. BE SURE to use a blank.-window- command (blank tag)
to turn windowing operattbns. A very common error is to forget to turn
off windowing and then wonder why Bome of the drawings aren't:-showing up!
The correct structure is ‘ ) ' ' :

LA

.~ window lower left corner,upper right corner
' windowed display statements | . s

. . L

~e

-

v e
o

o ‘e _
window -*wtw#wth§§ﬁhIankgtaglfpmturn;off,~4fw“
. A p ElaE S

e

Tha effe t f & ~windas 2ommand .
N a .
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More on erasing: the -eraseu- command

, +When a student's response is judged "no" or "wrong", he can correct

his respongse by hitting ERASE or ERASE1 to erase a Ietter or word, or by
hitting NEXT, EDIT, or EDIT1 to erase the entire response. If additional
judging keys have been defined with a -jkey- command, these will act like N\
NEXT and erase the response. - If there is only one ~arrow- command and no ; :
-endarrow-, these options are available even after an "ok" judgment, except '
that a NEXT key or other judging—k\ takes the student to the next main

unit rather than merely erasing the response. - Y. ' ‘

[

If the student er:ies part or all of his response, the “ok" or "no"

. is erased. Moreover, \the las;,respoﬁga:auntiggent message to the student
~ is erased, singe it is\ no long®r relevant. Fo example:

’ . 4 . .
/i‘\/“ . . . . .
.. . . . . ’ . Ve
. . . : . °
»

i\'mu% j“'x - L . . R .

©

wrong cat , _
write - The cat is ' .o . -
. N . -
" not a canine.

'+ The student types "cat” and presses NEXT:

4

f ) - Y cat no

a o ) 4
- . -

o | b mhe cat is o ,‘ Coa
nof a canine. . ’

)

).'

v. - / A .“v ) . . )

J.
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Notice that there is a default -at- three

the stng?t now presses ERASE:
. z - ' ) {

)

| aa

the “no“, and the text of the -write=- gtatemeqt,have all disappeared 4
ent. "The cat is not a ®

)

-’

-- can' e

) | < \

\\It is helpful to know that s- for at omatlcally era51ng T :

x\\\ such\text is by re—executiggw; e 1ast -wrlte-"-wr tec-, or)\-show- statement §
N in the €rase mode. “Suppose change the lesson sl'ghtly

is no longer ‘needed.’

® wrong*{;cat
'~ write The cat is

T .- not a canine.
. _ rite - Meow! .

J '{’ : - ' .
| . y . . - ) .
Now the sequence looks like this: -
+ A \\\ .
1] \\\
] ™~ . : » . \ -
: , d cat no . .
2 e
3 N C
“ ' The cat is . ek - - The cat is - , o
: not a canine. Meow!" : - not a canine. "~ @ T, : '
A - - . ) o J . o - ‘ _ B ‘
. _ o .
~ ) - i ) \\\
y ~ T
. Nl.\\.:._

o

]
‘ Only the 1ast -write- statement is removed, 1eaV1ng "The cat is not a
Notice that the normal automatic erasing can be -

canin +-QN n the screen.
) prevented éimply bygadd&pg an extra -wr1te— statement;» Even a blank =-wyrite-\.
- statement w11} do. - : : T T -
\ \\ E T ) FE ‘ - /\,- -
- R s . . - {
K ' . ) \4 Al } ‘ .
. I S |
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N

o As anotﬁer—example,feonsiQer this:
; : e wrongv 4 : . »
N _ . write  Number of apples- ,_/(
- *gshow apnum )

.
’

. » U

Only the -show- will be erased, leaving "Number of apples=" on the screen.
If this is not desirable, use an embedded =-show-: N ’
wrongv 4 '
write : Number of apples—~45,apnum>
Now the last -write- statement 1nbiudes the showing of the number, and all
the writing will be erased. It-is important not to change "apnum" after
the -write-. 1If you change its value from what it was wheén shown by the
-write-, the re-execution in mode erase will turn off the wrong dots in
the numerical part of the writing.: Here is the type of sequence to be
avoided: '

. ) - ’ .
o . . -
: . . \ : . [}
.
‘

’

. »
. ‘){c‘ingv 4 _ | |
L te  Number of apples—'qs,apnum». e } .
| * calc  apnum <‘r=apnum+25

. . < f

] ot
o
. : . .
L : ' -

The number will not be erased properly due to the change in "apnum". Similar
problems can arise with the other -show- commands, including =-showa-. ‘

R

o
s 3

~ Sometlmes ‘the’ automatlc erasing of the last text statement is insufficient.

S~ For example, if the reply to the student included a drawing produced with

\‘-d;aw-, or if there were several -write- statements, you need some additional
mechanlsm to remove the reply when the student presses ERASE. There 1s an

-

[




. \ VIII - 18 ) . -
. ‘. ) \ . . . .
v R Q .
~eraseu~ command which you can use to specify a subroutine to be done when
- the student changes his response: ' ) -

. \
e

—

b |

;/:?:>eraseu eblock | N R 1
: arrow 1215 S ) S .
S . \\ : | - .
. K ) - v
. g S | . : ‘ -&
. s \ . B
unit eblock \ o
at 1512 \ _ )

erase 35,4
at 318
erase 42 R

. ) o . . .
' ' : . 3 . : ,
. . . - . . « .
- . . . Lo . .

‘Unit "eblock" will be done whenever the student changes his response. Only
..the first press of the ERASE key triggers the.erase unlt, since additional
executions of the unit would be erasxng nothing.’

Another example involves an erase upit specific .t6 a particular response:
Y \\ . s ) ] . . N ) ’ .
. BN ) : )

wrong 3 dogs MR \ »
do . woof : : \ ' - ,
eraseu remove : \

unit « remove

mode erase -
v . do . woof .
mode write L
. -

eraseu

'The statement "eraseu remove" deflnes unit "remove" -ag the unit to be done
when the student presses ERASE (or NEXT, etc.). Unit "remove" in the example
shown simply re-does unit "woof" in the erase mode,. thus taking off the screen
everything originally, displayed by unit "woof". . The final blank ~-eraseu-
clears the pointer so there is no longer an erase unit specified. -
Notice the similarities between the -imain-- and -eraseu- commands. Both
specify units to be done undér specific cpnditions. : :




" Keeping thingsipnuthe screen: "iﬁhibit erase"
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Let us consider a delfled version of the simple language drill discussed

in chapter VII: _ , ‘ . 5 P
- unit &spo R S |
next espo ot o, 7 . ‘ -
. ' back - ‘'satisfy ‘ coe
' at 512 ., . . . = .

write Here is a'simple drill
. on the first five
Esperanto numbers,

Press BACK when you -~ =~ . |
. feel satisfied with your , ot
_ . understanding. : : °
. at - .1812  _ : & '
’ write Give the Esperanto fqr . . . .
* _randu item,5 s ) : o
- at . 2@815 ’ .

writec item-2,one,two, three,four,fLVea .
arrow 2113

join 1tem-2,unu,du,tr1,kvar,kv1n .
* ’ .
. B 0 * 4 .
unit unu - : S L e
answer unu ' - :
ok ) ) - .
" unit - du ’ ) . o 'y

' answer du
* ’ ‘ ’ : el
unit trii
-answer tri

* . . - px3

,unit kvar
answer kvar ; " v ’ o -
N -\ .

unit  kvin
0’ answer kvin ’

' This version will greatly annoy the student after the first couple questions.

The dlfflculty is that each time he gets an "ok"‘and presses NEXT to move
on. to the next unit, the screen is erased and *he suffers through the intro-

- ductory paragraph being written again on the screen. It turns out to be very

annoying to see text replotted this way because you already know what it says.

_ This is a ‘situation where most of the material qn.the screen is not
changlng and should not be replotted: \ only the item- and the student 's typing
need be erased to make room for a new item and‘a*nGW’responseu One way to
do this involves. judging correct respenses "wrong", as was done in the

- dialog ‘using -concept- discussed in chapter VII. You should use - -

"specs nookno" to prevent the "no" from appearlng. Or you. can use the

-
.
g

ey
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regular -okword- and -noword- commands to change the standard JUTOR "ok"
and "no". For example, use the statement "noword Fine!" to cause "Flne'"
to appear for a correct response. You would need to do a ‘"noword no" .
whenever: the student ‘answers incorrectly. With all responses: Judged "wrong"
" we stay at the -arrow- and’do not move on to another main unit.

Another way to manage a screen on which llttle is changing 1nvolves
Minhibit erase". This statement prevents the normal full-screen erase
upon leaving .the present main unit. The gext main unit.must also execute
an "inhibit erase" if no erase is to be performed upon leaV1ng the second
unit. We can rewrite our drill us1ng this feature:

\

unit  preespo - s

at 512 ,
write . Here is a. simple drill )
on the first five - o . “
o Esperanto numbers. ' ' ’
o - © ©  Press BACK when you
feel satisfied with your
- T understanding. o " - ? . -

at 1812 ' : - ‘ '

- write - Give the Esperanto for A B .

) goto espol L - . : R ' . N N
- ~ unit’ espo.’ ,‘ ’ ' SR : g
. ., —-at- 2815 S : s : ' v
- r. erase 5 . $$% item area ~ T .
. ' at 2115 /,/ - : : R
. erase 15 - ~ $$ response ayea o o
.- entry espol s : : ) , . Co
,:;::Ainhibit erase. "~ $$ leave instructions on screen |
~* - next , espo . . : ¢

. back .. satisfy - s . )
randu item,5 . : N .
at 2015 S

_writec item-2,one,two,three, four five

.o v arrow 2113 ‘ ) _
join = item-2,unu,du;tri,kvar,kvin o '
S -

P _ . L
In unit "preespo" we display the instructions .about the drill. We then go
to "espol", where we inhibit erase and display the first item. Upon getting
an "ok" the student moves on to the next main unit, "espo".- The screen is
not erased since there was an "inhibit erase". 1In unit "espo" we erase the

- area conﬂalnlnq -the displayed 1tem, and we also erase the response area of
the screen. We fall through the -entry- command "and display a new- item.
This process' repeats continually, and only those parxts of the screen which |
must be changed are erased.

N
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_ It is 1mportant to place an exp11c1t blank -erase- statement ("erase ‘")

- at the beginning of unit "satisfy". Sinceé we have inhibited the hormal full-, N '

screen erase, no erase will occur automatically when the student presses _\5\\\
BACK to leave the drill. If unit "satisfy" does not explicitly- erase the
screen, the student will-see a superposition of ‘the drill display and the
dlsplay produced by unit "sat;sfy“.

. »- ’ ’
~ Similarly, if: we specify a hglp unit, that unit 'should start
with a “full-screen erase. Upon completion' gf the help sequence, we should . {
come back-to unit "preespo" rather than "espo" in order to restore the :

~ screen dlsplay properly. Do thlS' : . .
\ N +
W N . . . \»\\ ) ‘\‘ . k 0 L ' . - _. ’
B4 ' . . . . \\\ . ’ . “ “’ . ’ ‘ o - ! .v—
o entry espal o ' _ oA
base prZZEp _ $$ to come back to preespo from help .
help esphelp - : ;
. e e ' RN _ : ' Ce
Y ) . . K \\- .
4 - . 4 \

‘The =base- command puts us in a 1p sequence, with the base unit being
"nreespo“ When a base upit has already ‘been specifled, pressing ‘HELP
doesn't change the base unit (in other words, there«is only one "jevel" of .
‘help). When we reach an -end- command or press BACK, we will return.to the
base unit, which 1s.preespo.- Note that unit "satisfy" should have a blank

. . base statement to insure that we are in a non-help sequence. OtherW1se, :
pressing BACK in unit “satlsfy“ will bring us to the base unit "preespo“'
' again. ) :

Inperaction of "inhibit erase" with -restart-

\

N

There is a -restart- command which is used to spécify in which unit a . e
» .student should resume study upon returning to a PLATO terminal. - For example,
‘suppose the last -restart- statement encountered on Monday by student
"Ann North" in course "lingvo" was "restart espo" in lesson "espnum". On
- Wednesday she returns to a PLATO terminal and identifies herself by name
. (Ann North) and course (lingvo). Her, registratlon records will show that
she is to be restarted in unit "espo" of lesson "espnum" and she ‘will
. automatlcally be taken to that point. As discussed previously, the ieu _
Fe (initial entry unit) w111 he done, which" among other thlngs permlts character R w
set 1oad1ng. ‘

- F

.

Unfortunetely, restarting at unit "espo" means that the basic drill
““instructions contained in unit "preespo" will not appear (see last example). -

. B / . .
. ) ) o o
. . o
4 . - . .
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'

- _variables in

- "restart preespo" rather ‘than "restart espo"

) whosexstructure 1nc1udes an i

N
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o - v _ _ . A
This is basically an lnitlalization problem. You should use ~restart--
commands in such a way as restart students only at the beginning of a
section of this kind. 1s particular case, we should have had a
This 1s analogous to our -

h preespo” for returning from a help sequence. (The more
of the ~-restart- is the blank -restart-, which means "restart
nt main’ un1t“ We Would place a blank -restart- 1n unlt "preespo" )

L —

d1scusslon may be qulte confuslng. In lessons
ex, the index, unit may be the best restart

‘restarting in the m1ddle o
point.

a student restarts in a lesson, ‘he starts at the unit spec1f1ed
by the°last =restart- command. owever ;. his saved varlables, v1 through ‘
v15¢, have\whatever values were current at the time he left the last PLATO .
class session.. Therefore, some care 1s requlred to 1n1t1a11ze approprlate
e restart unit. .

[ : . ' ;‘: -

) The,-char- and.-plot commands_ SR T o S "

e . : o ‘ g -

Usually special characters are handled with'a -charset- command and
displayed with a'-write-_statement using the FONT key. Alternatively, -char-
commands can be used to transmit.character patterns to the terminal. If a
-char- command sends a pattern to character slot 35 of the terminal, that
character can be displayed using the -B;EE:E:ommand- "plot 35", The
arguments of the -char- command can be computed expressions so that a character
can bé constructed algorithmically. Similarly, the -plot- command may have

. a mathematical expression for its tag in order to choose the Nth character.

- location ("dot

See appendi§ A for sources of detailed information on the -char~ command.

The -dot- command

125,375" will plot & single dot at the specified
1817" uses coarse grid). A sequence of -dot- commands can
produce sixty dots per second on the plasma d1splay panel. A -draw- with one
point ("draw 125,375" or "draw . 1817") makes a single dot by drawing a
line from this point ta this point and for technical reasons w1ll produce
only ‘twenty dots- per second.

The statement "dot

. o

. i
. - - . . 4
BRSS L, ®

Y



3)

O

.

‘Ivarlable names 1n his. responses. Lt
‘<, $and$, $or$, and the "not" function.

ffunctions;;nclu e s1n(x), sqrt (x), etc.
_variables and f

'The ~show- command (and 1ts relatives =-showt-, -showz- '—showe-

‘'The -showa- command will display stored alphanumerlc information.

"specified.

N

y s
Multiplication

ce over lelSlOn, wh1ch»takes precedence over addition

. Superscripts may be used to.raise numbers to powers.

The symbol T may, be used to mean 3.14159..... The degree srgﬁ )

may be used to convert between degrees and rad1ans. :

J o

There are 15¢ student’ variable§, vi1 through v158, wh1ch may be named
~with th¢ -define- command.
-assignment (¢=) and by -store-

These varlables can be set or altered by
-storen-, or sstorea- - commands. If.,
a "define student" set” of def1n1t10ns is prov1ded, t@m;student may use

»

Logical expresslons are composed.using the operatOrs =, #, >, <, 2,

Logical expressions have. -

the value true (-1) or-false (ﬂ). - o e

i . ' :

There are ava;l ble various system variables such as "where", . ,[

"wherey", “anscnt", "jcount", ."spell®; etrc. Available system /
A full 11st of system

ctions is glven in Append1x C.

and =-showo=-) will d1sp1ay\the numerical value of an expression.

These commands may be embedded within -write- and -wrltec- state ents.

-
oy

The -calcc- and -calcs- commands make it easy to perform condltdonally
one of a llst\of calculatlons or asslgnments.

'The -randu~ command w1th one argument plcks a fraction between g and

1; with two ar.uments it picks an integer between 1 and the limit

-setpermr,u*ra dp-, -remoge-, and -modperm-

‘The 1terat1ve form of the -do- command facllltates repetltlve oper=
‘ations. el : . _ .

- . . . -

There is a set of commands associated with permutations:

20 i
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Defining your own functions .. - : =

o 4

“, Whidle many 1mportant functlons such as ln(x) and log(x) are bullt—ln
to the TUTOR language, it is frequently ,convenient to define your own functions.
To take a 51mp1e example, suppose _you def;ne a cotangent functlon-4

deflne cotan(a)—cos(a)/SIn(a) o e
’ Then'later“in‘your lesson'you can Write . mA e
. . s rd o . ‘ L" ; ‘:_ v
célc ‘r¢=cetdh(3x+y—5) : CT , . ;'_
' 0 L i . .'\
. and TUTOR w111 treat this as though you had wrltten T
."’:32"'. Lo—-n ' ‘ . - . -
v calc - r<=[cos(3x+y-5)/51n(3x+y-5)] R .
Such usé of functlons’not only saves typlng but 1mproves readablllty. ‘
CAUTION- In deflnlng a functlon, the arguments must not be already
: deflned For example, the following deflnltlon will be rejected by TUTOR
(w1th a su1table error message): » e _
’ .o o o o . {
v """ Qefine x=v1 ) S " P
’ cube (x)=x o
. o . .
This must be rewrﬁtten as ’
. deglne x=vi N 3.  S . » S
: cube(dummy)=dummy > L . -
_ or anything similar. A functlon deflnlﬁlon may involve prevlously defined
. o quantltlek on the rlght 51de of the non 519n, however. S Lo
define \x=v1i _ _ oL s Ty
_ a new(c)ac +2x. 7 ' -/ o
.51n téés case you mighttnave"a -Calc¥\thet looks iike‘ o - :
calc vXQFi§;7“.ﬁ;: .
- y <3new(8)
-and thisVWOuldxbe-equiValeng'to”.:}n;;,tgﬂ?.;" o - ‘,\. o '
) © .' ," ‘ “ -~ ll»" . ‘ . ” oLt " . . . ] .‘ i <‘
A . - cale x<=15.7 A e L N .
////. A yc=3[(8) +2x] "%V“",‘ . I . :
- ‘ . . . T . - L
7 o ’Sbmetiﬁ%svit is convenlent to deflne “funcblons" that'have no arguments.
. | define r=vt' - T e
'~ quad=r -1ﬂﬂ A .
r3=r1/3 L e o .
o . L root—sqrtgr) R ! o '
| Jvooe. e ° . .prod=r3xroot s S
et o : ® . trans=(r<prod) = . : -
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- Note that "prod" depend$ oh two previous definitions, each of which in turn‘
depend .on the definition of."r'". There is no limit on how dgep you can go'in
.-definitijon levels. The unusual.deflnltlon of’"trans"permlts you to write 'y
+ an unusual -calc-:

. Ld -

calc trans R A N K "
where the assignmeﬁt is implicit in the definitioﬁhof "trans"~ -
p . S ’ ‘ :

Essentlakly anything is a legal definition. The only rule is that the
definition make $ense when. enclosed in parentheseg, since a defined name
when ‘ngountered 1n an expre551on is replaced by its meanlng and surrounded
by par heges. This means that you cannot define "mihus=-" because (- ),
a<m1nusfs n enclosed in parentheses, 1s not permitted in an expre581on..'

m1nus;-1"~ a11 right because (1) is meanlngful.‘ , ‘ '

A functlon may have up to.six arguments. \Here is"a functlon of two

~ arguments. o - T )
BN " : Ny ’
define modulé%g,base)-Nh[basexint(N/base)] : ;
s .
w1ll mean that modulo’ (17 5) ‘an expression wilL have the value 2: the
int" or "rntegral part" functign throws away the fractlonal‘part of 17/5,
1eav1ng 3, so that we have (17-5x3)=(17-15)=2. This modulo function therefore

gives you what is left over in division of "N" by"base"

~

. ’ . -, B
. \\\ﬁere are a couple of_other~example5‘of multl-argument function definitions:

. N e

N \\
\\\\. o defin hlq(a b)=-[ax(azbs+bx(b>a ) o
- ' 11(a, b)—-[ax(asb)+bx(b< 1. ) :

The minus sign is. there because 10g1ca1 true is represented by -1. If you,
have "big (3 +y, )“ in an exprV551on, _with (x+y) =7 and z—3, thls expands o

- S e ik

',-[7x(723)+3x(3>7)] | . , .

-

wh1ch reduces to [7x(-1)+3x(ﬂ)] which is 7. So our"blg" function picks out ™
the "larger: of two arguments. CAUTION: The value of "big(2.99999999999999, 3)"
is 6: (1) 1nstead of 3. The equality test in TUTOR, including the equality
part of (<) or (2), does a small amount of rounding to compensate for roundof £
errors inherent to computers, so that "2,99999999999999>3" jis true (-1).. :
The tests(<) and (>) do not-do this, so "3>2. 99999999999999" is also true -n.
Therefore, a better definition to pick out the larger of two numbers is .
¢ "define big (a,b)=a-(b>a) (b-a)".  similarly, write "émall(a,b)=a-(b<a)(b—a)"
Lo .

LT

-Arrays . ) . v . e

It is often important to be aple to dea1 with: arrays of data such as,,
a list of exam scores, the number of Americans in each S5-year age group to-’
gether with their corresponding mortality. and fertility rates, a list of which
_ pieces are where on a chess board, or.the present p051t10ns of‘each of geverjal
molecules in the slmulatlon of the motlon of a gas.“

L : Y
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(S .

éuppose we have somehow entered the exam scores for twenty students
into variables v31, v32, v33, . . . . up to v5§. Here is a unit which will .
let you see the- score of the 5th or 13th or Nth %tudent. -

unit °
back
at

J writey -

R

arrow
store
wrongv - §
write The score of t\he 45,N> th student is <ls,v(3ﬂ+N))>

~

(The -wrongv- rather than -ansv- makes it easy to ask another question.) The '’

new element Here is the "indexe riable"
. ~ ! s

N '
which means "evaluate 3ﬂ$&, round to.the nearest integer, and\choose the
corresponding variable". For example,,if N if 9, v(3g+N) is vi{39) or v39.
If N is 13.7, v(3ﬂ+§) means vé44.

We might list and total all the scores:

i

. . - .
) ’ : . ) N
calc total ¢=f $$ initialization step ‘, -
. do . showem,N<¢=1,20 '
- at © 3435

write The average score is 'Qs,total/zﬂb .
L% \

-

VAR unit showem . s .
.7 at - 835+1gpN S -
‘show v (3g+N) ' )
. - calc total<=total+v(3g+N) .

.. B . '

‘ A .
As usual it is far preferable té\gefine a name for these data: -
. define scores(i)=v(3g+i) . . - ° R

.

in 'which: case we would write our laeﬁﬂunit as
u

unit showem . :

at 835+1gPN . ) > -
- show ~ scores (N) I )
- calc tota1<=tota1+scores(NY : . - .

.
* -

. Due to the special meaning attached to‘"v(expression)" you must exercise

some care in using a variable named "v", in that you must write "vx(a+3b)"

165

<




~N

N \\ Unit "cofhmn“ is done three times. and fqr each of these iterations unit "rows"

~

s

a
.

. and not "v(a+3h)" if you mean multiplication. We will see later that the

same restriction applies to the names "n", "vc", and "nc". This restriction
does>not apply to students entering algebraic responses, where "v(a+3b)"
is taken to mean "vx(a+3b)". Students can use indexed variables only if ‘they

‘are named, as is "scores™ in the above example; such definitione mugt, of

course, be in the "define student” set.
Suppase you h;;e three sets of - eXam scores for the twenty students.

This might conveniently be thought of as a 3 by 2f ("twg-dimensional®) array.
‘Suppose we put the first twenty scores in v31 through v5¢, the second get in
v51 through v7@, and the third set in v71 through v9g. It might be convenient
to redefine your array in the following manner: .

define séores(a.b)-v(1ﬂ+2ﬂa+b) ' ' ot

Then if you want the  2nd test score for the 13th student you just refer to
scores(2 13) which is equivalent to V(18+4@+13) or v(63). If you wanted
to display all the scores you might use "nested" -do- statements: .

do column,i<=1,3

»* . -
unit column

do xows,j<=1,29

»*

unit rows ' oo oo
at 82p+1gi+1905 ) ‘ °

show vscores(i j) : ‘ {

ie pd!tS'ﬁEﬂ'Ehenﬁy'times o .

\ There is an alternative way to defrﬁezour array:

define i=v1,j=v2
scoresnv(1ﬂ+2ﬂi+j)

Then our unit "rows" would look like~

unit rows ) N ,
at 82g+1gi+1903 ' ‘(
show scores ’

The indices specifying which test for which student are implicit. Thisg
form is particularly useful when you have large subroutines where "i" and
"wan

3" are fixed and it would be tiresome to type over and over again
"scores(i j)" Just set "i" and "j", then —do- the subroutine.

-

va
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It is frequently necessary to initialize an entire array to zero. One
‘way to do this is with =-do- statements:

unit clear ' : - . . . 2.

do CIeu23i¢'133 ’ . ) ) !

* , LI ;

unit clear2 ) , ~ -

do clear3, j<=1,28 \

* . ' B °
‘unit clear3 : : : . . -
_ calc  scores(i,j)<=g ' o N\

A simpler way to accomplish the é:s?/ﬁisk is to say

- 2ero scores(1;1),6¢
You simply give the starting location (the first of the 6@ variables) and
the number of variables to be cleared to zero. As another example, you
can clear all of your variables by saying . -

oy

”

zero ‘v1,158 . S

‘Not only is the -zero- command simpler to use, but TUTOR can carry out the -
operation’several hundred times fagter! TUTOR keeps a:block of its own - .,
variables, each of which always contains zero. When you ask for 150 variahles
to be cleared, TUTOR does a rapid block transfer of 150 of its zeroed vari-
ables into your specified area. This ultra-high-speed block transfer
3cap%bility can be used in other ways: :

transfr v1ﬂ;v85;25 _ . oo ) .

. performs a block transfer of the 25 variablea starting with vi@ to the 25
variables starting with v85., 1In this way you can move an entire array from

N -one place to another with one -transfr- command, and at speeds hundreds of
‘times faster than are possible by other means. ™

- -

—~

Segmented variables . r~ ' '

K ~——Storing three scores for each of your twenty students required tﬁe use
of 6@ variables, out of 15¢ available. We're running out of room! You can
save ppace by defining "segmented" variables which make it easy to keep
several numbers in each student variable. For example, yon can write a
, definition of the form ’ ‘ -
s - : y ' - -
define segment,score-v31 7' . '
This identifies "score" as an array which starts at v31 and conslsts of seg~
_ ments holding positive integers (whole numbers) smaller than 37" (which is -
128). It turns out that each student variable will hold 8 such segments,
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e

8o "score(8)" is the last segment in v31, while "score (9}" is the first

. segment in v32, Since "score(6f)" is the fourth segment in v38, we need

T only eight’ variables to hold all sixty scoresl You can uae "score (expr)"
o in calculations: the expression’ “expr" will be rounded to the nearest

integer and the appropriate segment referenced. As a simple example,

calc | score (23) dms8core(3)+5;

o will get the’ third :egment, add 5 to it, and store the result in the twenty-
. third segment.
If we define a segmented one-dimensional array "score“3 we can define
a two-dimensional array as before:

- ‘ . .
v - v . N
.

-

. . define segment,score-v31,7 :
N : scores(a,b)-acore(2ﬂa~2ﬂ+b)
with these definitions, "scores(1,1)" means “score(2ﬂ-2ﬂ+1)" or "score(1)"
which is the first segment in v31. As before, "scores" could use implicit
indices: oo .
deflne imy1,j=v2
scoreeascore(2ﬂ1-2ﬂ+j)

in'which case you use "scores" rather than "scores(expr1,expr2) in cal-~ .
culations. NOTE: At the present writing the commands ~-zero~ and -transfr- *
cannot' be used with segmented variables because these commands refer to
entire variables. You could, however, zero all of the scores by saying -
~ "zero v31,8" which sets v31 through v38 to zero, which has the effect of
zeroing all the segments contained in those eight variables. You can make
such manipulations more readable by defining your segmented array this way:
Y . ‘
define start=v31 P
' segment,score=start,7

.
Al

> Then you can write "zero start, 8" rather than "zero v31,8". sSimilar remarks
apply to the -transfr- command. v
Jt is possible to store 1ntegers (whole numbers) that can be negative as
well “as p051tive

. def;ne -segment,temp=v5,7,signed
[ - .
.The addition of the word "signed" (or the abbreviation . "s") permxts you to
‘hold in "temp (i) " any integer from =63 to +63. The range 27 (128) has been"
~dut essentially in half to accomodate negative as well . as- positive values.
The following table summarizes the unsigned and signed ranges of integers
permissible for various segment size specifications up to 3@ (sizes. up to.
59 are allowed, though beyound 3@ there is only one segment per variable).

» ¢
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Segment . unsigned range = signed range No. of
size : o - a © . segments
n- " T ' . per .
\p . - 2 . , e o variable
T , 2 g to 1 . - . iG]
2 4 . to 3 ‘ . -1 to +1 3g
3 8 . fto? : =3 to +3. 28
4 16 @ to 15 L : ‘ -7 to +7 15
5 . 32 “Ato 31 . : =15 to 415 . 12
6 . 64 g to 63 _ ‘=31 to +31 . 14
7 - 128 @ to 127 -63 to +63 ° 8
8 256 g to 255 T -127 to +127 -. 7
9 512 g to 511 . 4 ' -255 to +255 6
14 1~024 # to 1 @23 o =511 to +511 6
11 2 p48 g to 2 g47 . N =1 f23 to +1 g23 -5
12 . 4§96 ‘B to 4 @95 § ’ -2 @47 to +2 P47 . 5
13 8 192 A to 8 191 . -4 @95 to +4 @95 4
14 ’ 16 384 g to 16, 383 -8 191 to +8 191 .~ -, ' 4 .
15 32768  f to 82 767 , -16 383 to +16 383 4
16 ) 65 536 @ to 65 535 =32 767 to +32.767. -3
17 ¢ 131 @72 g to 131 g7 _ -65 535 to +65 535 3
18 L 262 144 # to 262 143 =131 @71 to +131 @71 3
19 524 288 g to 524 287 -262 143 to +262 143 .3
28 1 g48 576 g to 1 P48 575 -524 287 to +524' 287 3
- 21 T2 f97 152 g to 2 g97 151 -1 P48 575 to +1.948 575 2
22 4 194 3§94 g to 4 194 33 -2 #97 151 to +2 @97 151 2
- 23 8 388 648 p%to 8 388 .687 - =4 194 3@3 to +4 194 343 2
24 16 777 216 g to 16 777 215 -8 388 6@7 to +8 388 647 2
25 33 554 432 @ to 33 554 431 =16 777 215 to +16 777 215 2
26, 67 148 864 g to 67 188 863" -33 554 431 to +33 554 431 - 2
27 134 217:728 g to 134 217 727 -67 1@8 863 to +67 188 863 2
28 268 435 456 # to 268 435 455 =134 217 727 to +134 217 727 2
' 29 536 878 912 @ to 536 874 911 -268 435 455 to +268 435 455 2
Y] 1 §73 741 824 g to 1 §73 741 823 -536 878 911 to +536 878 911 2

e

Q:;E%ég As an example of the use of thls table, suppose you are deallng with 1ntegers
ifi the fange from -12¢# to +18ﬂp You would need a segment size of 12 (81gned), N
which glves a range from -2@47 to +2847. There would be 5 segments in
each variable. Your -define- might ‘lgok like ‘ : S

deﬁine ‘segment, dates-v14ﬂ,12,51gned N '

You need not understand the ratlonale behind this table in order to be able ]
to use segments effectively. An explanation of the underlying "binary" or ff,
' "base 2" number system and the associated concept of a "bit" are dlscussed N

P later in an opt10na1 ‘section of this chapter. ' -

‘
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A'common use of segments is as "flags" or markers in a lesson. For
example, you might like to keep track of which topics the student has ¢om-
. pleted or which questions in a drill- have -been attempted? A segment size
. of just one is sufficient for such things, with the segment first initialized
' to zero, then set to one when the topic or question has heen covered The
definitipn might look like this: ’ . a

-define flags=v2 ' »
- ’ ‘segment, Eeg-f lags, 1w«
Start by executing "zero fladgs" to'clear all sixty_segments in v2. (If’ you
use up to 120 markers you would use "zero flags,2" to clear two variables, /
each containing 60 segments.) When the student completes the fourth topic
you say "calc flag(4) ¢=1" to set the fourth flag. You can retrieve this
information at any.-time to display to the student which topics he has _com=
plete&. o ‘ . . .
Although only whole numbers can be kept in segments, it is possible to o E
use the space~saving features of segments even when dealing with fractional U
numbers. Suppose you have prices of items which in dollars and cents involve
- .fractions,gsuch as $37.65 (37 dollars plus 65 hundredths of a dollar). Assumeé
that $5¢ is the highest price for an item. Simply express the prices in.
.cents, with the top price then being 5@@@ cents. Erom the table we see that. TR
-a segment size of 13 will hold positive integers up to 8191, so we say .'&&t"ff.Q,'

LA

3 - : P :
define price=vl $$ in d llars and cents , S
segment,cents=v2, 1 S oo
, ) put(i)—cents(i)c=1ﬂﬂprice P
: RS ‘ get(i)fprice<=cents(12/1ﬂﬂ ' . '

~ K r'," o !

"A sequence using these definitions might look like

qalc price ¢=28.37 : ‘, . ' ji_‘
R . . ' ) B 4 . . ‘ ‘ ’ ‘
o calc put(16)  $$ equivalent to "cents(16)<h1ﬂggffee"
\\ show get(16) ) $$equiva1ent to "prioec=cents(16)/1ﬂﬂ" : ,ff
, P - -

The final -show- will put "28.37" on the screen, even though between the
"put" and "get" the number was the integer "2837". - Notice the unusual

""calc put(16)" whioh has an assignment A<=) implicit in the definition of
"put”. Also notice that the variable "pfice" is affected as a side-effect of
referring to "get". If this is not desiredy we could define

"get (i)=cents (i) /1gp".

,‘1,‘

171 LT
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'As”énother example of the use of segments with fractional numbers,

" suppose. you have_automdbile trip mileages up to.l@@PF miles which you want

to store 'to the nearest tenth-mile (such as 243.8 miles). In this case
you must multiply by 1§ when storing into a segment and divide by 18 when
retrieving the information. You would use a segment ‘size of 14, since your

- biggest number is 19@p4. iIExshould be pointed out that rounding to the

nearest integer occurs when storing a non-integer value into a segment:
calc miles 0=5‘39.47 : o .
seg(2) <14 miles $$ 5394.7 becomes 5395

miles¢=seg(2) /1  $$5395/1@ or 539.5

L3

.

So by going into and out of the 'segment, the "539.47" has turned into 9539.55.‘»n

_ Aside from the restriction to integers,. calculations with segmented
variables have one further disadvantage:s they are much’slower than'calcg7"
lations with whole variables.  This is due to the extra manipulations the
computer must perform to compute which variable contains’ the Nth segmenty,
and extract or insert the appropriate segment. Segments save space at the’
expense of time. In.many cases this does not matter, but you should avoid

¢

" doing a lot of segment calculations in a heavily-computational repetitive
. loop, such as an iterative jgo- done ten thousand times!* "

4

4

' Brandhing within a unit: =branch- and -doto-

All of the branching or seqﬁencing commands discussed so far referred
to -unit-s (or —entry-s). It ig often convenient to be able to branch
within a unit, which is possible with the -branch- éthand:'

-

unit somethin )
'//'::bxanchA countf4;5,x,8qfter : _
3 at - 1215 »
write' "count" is equal to 4 -
5 ‘ | o ’
do countit o ) :

S 8after count<=15

. The tag of the -branch- command is like the tag of a -goto-, except that unit

names are replaced by "statement labels". These labels appear at the begin-
ning of statements and must start with a number (# through 9) to distinguish .
‘them from commands, which start with letters. A statement beginning with a
label need not have any tag (as ip the line above labeled "5"), but it can -
have a tag like that of a =ealc-, as in the last statement above

("8after count¢=15"). In fact, a labeled statemert ig essgntially a ~calc-
statement. . L A 3 ' , -
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" As with =goto-, “x" ih a -branch- means "fall through" to the next etaba-’
ment.. The "q" option in a -branch- means "quit doing a -cald-"‘and procee&'"
to the next non-calc statement. Here is an example. P S e v

branch- t15,q,x © - 7 . o
calc —a<=b ' : S e

b¢btt e T e S
eend t@tz ] . ;‘ ’:v",, "‘9 - i o i ‘;~‘ "I: ,l,", ',‘
. a<matt o, : L BT
S calc b<=b3 (‘%f‘ SOl el T e T 2
. o write Anything -~ - _ : q;ff'x}jy}t’{;"‘[_:V Co ’ f;,. -3

I .
If. t is greater than 15,.we have a "branch q" all the way to‘the‘
- which is the first non-calc statement followinq the ibranch-f L

/ ]

/

L The -branch- command is itself a nonrcelc cemman@: ;
" branch a,qx S ol ;o .fﬁi rggfvf3' o
-calc a<b ' AR ST
branch ¢=d,8i,8j,8k . E ‘j/ i

If "a" rounds to a negative integer, the "q“ brahéh is; taken to ;he next/’f
) -branch- command, - bypassxng the -calc~-, : , // R A ’

.. There is an alternative version of -branchw which is a ~calc- as far as
a preceding "branch q" 1s concerned. ¢he word "Uréndh" is placed 1n the
tag . S .

branch a,q,x S

~calc a®b R

branch ayc, x,9skip

C@az /’ "/

* 9skip :

write - some more -

The "b@anch q" takes us to the -write-,: eﬁhce thevonly thmngi,' ﬁﬁée,
first -branch- and the =-write- are lines 'tartihg with -Calé—,u
("continued -calc-"), or statemé“f*tabei"_whleh alsavane rcalg
So -branch- can'be either -calc- type or nénfgalc type: [ iZ hae certaxn \.‘

typographical advantages, permitting a klnd of: indentlhg.Whi h tan make ‘a
. complicated sequence of -calc- statements more. reaerlem oq er than the effect
' on a preceding "branch q“, there is no diffe;encs between bré twe klnds of®

—branch- o : ‘

It is not perm1551b1e 1n a unit to label twq-stateme?ts with the same
label (nor can you have two units with the same. ﬁame 4n a lesson). . On the
other hand,.51nce -brangh- operates only wWithin'a unit ana cannot refer to *
labels ih other- units, it is all right to use, the. same label in dlfferent '
units. (Similarly, you can use the same unit name.‘in different lessons.) - 0
‘Note that -entry- is similar to ~-unit-, sSE:Branch~acannot be used ﬁo branch
to a label 1f an -entry- cqmmand 1ntervenes‘; ’ R

’
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It ig often convenient to use -branch- rather than -goto-. In additiop;
~branch- requires less computer processing than --goto-, so that heavily

- comput#ftional iterations are better done with -branch- where possible.\

Just as =branch- is a fast -goto- within a unit, there ia a fast -doto-
analogous to -do- for use within a unit: '

doto  -8end,i gefirst,last,incr ' ‘.

calc abxsin(51°) - ! o

at 198, 288+2a-1 )
write T /
8end )

circle 109,208,308 - »_ SRTENN

The tag of the -doto- is similar to an iterative -do-. but instead of naming

a unit to be done repetitively you name a statement label. For each’ iteratiqn
TUTOR executes statements from the -doto- down to the named statement 1ab§1.

" After the last iteration is performed, TUTOR proceeds to the statemen,¥yhich
,follows the -doto- label (-circle- in the above example).

Just as it is possible to have nested -do=- iterations. nested ~doto-s .
can be set up. Here is a comparison of -do- and -doto- for displaying a -

.. two-dimensional array:

<

>8Q~ o ~ -doto-
N ” ' .

do’ columm,i¢=1,3 - doto  4,i<1,3 S
unit ©  column - doto 4,3¢=1,28 \\\r‘
do rows.Jcﬁi{2ﬂ~ . at C82@+181i+1807 : ’
unit- rows . . show  scores(i,j). \\Vi\\
at d2g+19i+10835 - 4 - A
show scores(i,j) . ~

\ s

This nested -doto- example has th txgcture

doto 4 _ﬁ e ) s I _
B R _ o - ' T
’ doto- 4| . _ . ’
\ \\\
4 é —_ -
° ‘§~
’ A )
o ’ . . ; "A —
’ : \
1 . - ] AY \
. . N . ‘ .




A

“Note that in each case the "inner" -doto~
» »doto-s. Here -is a counter-example which

_ments more readable. \\ _ o .

Other possible structure include o J(/>*</// .

doto 8 ~—— doto . doto 8~
1N « . -
doto 5:] doto doto 3:j
5 ‘doto 3 L —
8 pp—| 3 ‘ - doto ' 5
- 5 - .
. 5 ,

—_
! \
are nested within the\\guter"
s not permissible: \f\

-

doto 5
doto 8 N ,
- ILLEGAL! ' .
4 5 ‘ = . ’
8 Q

TUTOR does not permit this kind of strugture.

As with -branch-, it is possible to put -doto- in the tag, in which
case it is skipped over bx a precéﬂlng "branch q". Again, the purpose’of .
this kind of indenting 1s\to make some kinds of 1léng contlnued -calc- state-

l‘ ‘.

Integer variables and bit manipuiation "_— . .

This sectlon goes much more deeply into the way a computer represents
numbers and character strings. Skim -this section on the first time through
to see whethexr you will need to st§dy it in detail. You should need this
material only if you pack several ieces of data in one_variable-or if you -
want to use -calc- operations on chiracter strings. B

\

: A variable such as v15¢ can hold a number. as big as 1ﬂ322(the number
‘1 followed by 322 zeros!) or a'non-zero number as small as 19-293 (a 1 "o
in the 293rd position after the decimal. 801nt!) These huge .or tiny numbers -
imay be positive or negative, from +1ﬂ to +1ﬂ 2, Any number held in
v15@8 is recorded as sixty tiny "bits" of - \ormatlon. For example, whether
the number ‘is pogitive or negative is one it of information, and whether the
magnitude is 1ﬂ+ L .oxr 178 28: is another bit of information. The remaining
58 bits of information are used to specify precisely the number held in v154.

N s
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‘What is a bit? 'A bit is the smallest possible pieceiofhinformation
and represents a two-way (binary) choice: yes or no (or txrue or false, or
up or.down; any}hlng with two poss1b111t1es) A number is pOSLthe or nega-

tive and these two poss1b111t1es can be represented by one bit of ;nformatlon.

. Numbers themselves can represented by bits correspondlhg to yes.or no. Let

"us see how any number from zero to seven can be represented by three b1ts S

corresponding to the yes or no answers to just three questions.
-frienld'is thinking of a numbgr
it by asking.the fewest poss1b1
- the friend's numbe¥r is 6:

Supp0se a

estions to be answered yes or no. Suppose

a)

Is it as big as 4? ;Yes.
b) 1Is it as big as 4+2? Yes.
c) Is it as big as 4+2+1? No. o

From this you correctly conclude that his number is 6.
his number was made up of a 4, a 2, and no 1.
number can be represented by th sequence

You determined that
You might also say that hlS
"yes,yes,no"!

As another example, try ‘to guess ‘a number between zZexo and 63 chosen by ,_1

ween zero and seven and you are to determine’ .

x> B “o'{)

~the friend. Suppose it 1s 37:
‘a) Is it as big_as 32? Yes. - .
b) 1Is it as big as 32+16? No. e T T
¢) Is it as big as 32487 No.: o
c) "Is it as big as'32+4? Yes. .
d) Is it as big as 32+4+2? No.
e) 1Is it big as 32+4+1?2 yes. N

as

’ , ' . ¢ - . .
So the number is 37, or perhaps “yeskno,no,yes,no,yes?! Try this questioning
strategy on any number from zero to 63 and you will find that six questions
are always sufficient to determine the number. The strategy . depends on cutt1ng
~the unknown range in two each tlme (a so-called "binary chop“)

: s

Conversely, any number between zero and 63 can be representéd by a

sequence of ‘'yes and no answers to six such questlons. -What number is repre-

sented by the sequence - , N’ .’

yes,yes,no,yes no,yes?

This number must be built up of a 32, a 16, no 8, a. 4, no 2, and al.
'32+16+4+1 1s .53, .so the sequence rébresents the number S53.

Because a yeés or no answer is the smallest bit of information we can!
extract from our friend, we say arly number betweéen zero (six nos) and 63
(six yeses) can be represented by six bits.” If on the other hand we know
the number is between zero and seven, three bits are suffidient to describe
the number fully. Slmllarly, numbers up to 15 (24-1) can be expressed with
four bits, and numbers up to 31 (25 -1) with five bits. *Each new power of two
requlres another bit because it requires another yes/no questlon to be asked.

{ o ) -

E

.




bits, one is used to say whether the exponent is positive o
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Thisg method of representlng numbers a$ a sequence of bltS, each b1t

‘ correSpondlng to a yes or no, “is called "binaty notatlon" ‘and. is the method.
normally used by computers. Whether a computer bit represents yes or no is

typically spec1f1ed by a tiny electronic switch being on or off, or.by a tiny
piece of iron. belng magnetized up or down. A TUTOR varxable contains slxtz

- bits of yes/no information and could therefore be used to hold a positive . - <

integer as big as (268-1), which is approximately 1ﬂ18, or 1 followed by 18

' zeros! What do we ‘do about. negative integers? ' Instead of using all slxty
.bits we could give up one bit to represent whether the. number is positive

or negative (again, a two-way or binary bit of information) and just use -

59 blts\for the magnitude of the number, In this way we. could represent .

positive or negative integers up to +(25 =1), which is approxlmately plus or
minus one-half of 1818, -

, . e - . N -

' But what do we do about hlgger numbers, Or numbers such asg’ 3 782 which °

N . . . ‘e . -
. v

are not'integers? The scheme used is -analogous to the scientific notation -

used to. express large numbers: 6. HZX1523 is a much more compact ‘form than

6@2 followed by 21 zeros,tand it consists of two essent;al pxeces--the numbet

6.2 and the exponent or power of, ten (23). Instead of ‘Using 59 bitg for the"

number, we use only 48 bits and use 11 bits for the exponen Of these 11
ELﬂegat1Ve (the

difference between - 1ﬂ+ » & million, and Jﬂf , one-millionth). The remdining

- ten bits are used to represent exponents ag big as one thousand (2 181 is
. .1p23, to be prec1se)  The exponent is actually a power of two rather than
. ten,-as though éur scientific notation for tlhe pumber Aﬂ were written as

5823 instead of 4xigl. That is, instead of expresslng the number forty as
4x1p1, we express it as 5x23, putting the 5 in our 48-bit number - and the 3°
in the 11-bit exponent storage-place. In this way we split up the Gﬂ b1ts as,
1 bit~ for positive’or negatlve,number

»1 bit for positive qor negative exponent

o

19'bits for the power of two' : . .
48 bits fdrlthe number“ﬁ e ' .
B . .
The 48-b1t number ‘will hold an 1nteger as blg as - (2?3-1), which is about
2. SX1¢ If we wish to represent the number 1/4, the var1able Wlll have -
a number of 247 and an exponent of -49: . D
,247x2-49_ 2m2= 1/4 V u Lo o N .‘\

-

That 1s, the 48—b1t number will hold a large 1nteger, 247, and the exponent,-

- or power of 2, will be -49. The complicated format just deScrlbed"fs that

used by the ﬁLATO computer when we calculate with varlables v1 through v1i154.

It automatlcally takes care of an enormous range of numbers’ sgparatiang

each number into a 48-bit numberand a power &F two. This fo 3 is called
"fractlonal“ or "floating-point" format because non-lntegral values can be

: expressed and the position of the decimal point ‘floats automat1cally rlght or .

left as operations- are performed on thevvarlable.

LRI

D I i RN
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. . Sometimes this format is- not suitable, particularly when dealing with
. 'strlngs of characters. The -storea— command and -pack- commands place ten
L alphanumerlc characters into’ ‘each variable or "word"-(acomputer variable is )
, .. often called a_ "word" because it can contain several characters) We simply K
.+ . _ .split up the slxty bits of the word into ten characters of siz bits egch, " i
' six bits being sufflclent to specify one -of -64 20s51b1e characters, from ) N
character\number zero to character number 63 (2%«1). In this scheme character
number 1 corresponds to an "a", number 2 to a "b", number~26 to a "2", number -
27 to a "ﬂ“, number 28 to a "1", etc. A ’'capital D requires - -two 6-bit ‘ Lo
character slots: -one for a "shift" character (which happens ‘to be number 56) X
and one for a lower-case "d" (number 4).  The -showa= command takes 'such -
strifigs of 6-bit character codes and dlsglays the correspondlng letters,
numbers, or punctuatlon marks on the student s,screen. ' ‘

.
AN “

o Rldlculous thlngs happen &f a -showa- command is used to dlsplay a word\\\

H_rwr*rar[,wh;ch*cgnta;ns_a floating-point number. .The. two'§;gp bits (for the number .

© and for the exponent) and the first four bits of the the exponent make up the

 First 6-bit characte¥ code! The last $ix bits of the exponent’'are taken as

“speclfylng the'second 6-bit code. Theh the remaining 48 bits are taken as

. specifying elght 6=bit. character codes." small wonder that using a -ghowa- on - ]

. anything other than character strings usually puts gibberish on the .screen. - o .

: On. the other hand ,using a -show- with a character string gives nonsense: the Con o

‘\$ - floatmng-polnt e&ponent\EEts"made up out of pieces.of the first -and second

63b1t character codes, the 48-bit number comes from the last eight character I
: 'cogps, and whether the number and-the exponent ‘are positive er negative is .
" determined by the first two blt§ of the first character code' I

woo

. . ‘ . . : ‘_/
. . . . 13
‘. . . ~ . . c S f . . e
. . . N . L . . -
- ) s . ‘
W . ) ) . BN /

o sign of number. - oL : SN
of exponent - : ' T .

o . ) ~

floatiggipoint

v. : » '_ . . .’ / 1]
~ 43-bit rnumber ST
‘ Y v . o ~
' ) " 48 bits . . o o °
.. S, : - < : " AN

’ ) ) ¢ ‘ l' " T . ’ P . :' ~
o ] - o . .~ character string\\f\\:‘f
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l- . So far we have kept numer1ca1 Mmanipulations (~calc~,

= | X - 17 . - v
- N . » L3 .
) | )

<@ ’ . ' -

-show-)
-showa=) .
It is nevertheless sometimes advantageous

-storel
completely separate from character Strlng manlpulatlons (-storea-,
The reasons should now be clear.

« to be ablé to use the power of -calc- in manipulating character-gtrlngs and

\ of the variable contaln lnﬁermatlon. ‘ _ . ) -

' : dmng is performed in assigning values’td integer variables.

analogy Wlth "v(lndex)" N LT T .

similar sequences of bits. For such manlpulatlons we would- like to notify
TUTOR not to pack numbers into a varlable in the uséful but complicated floating-
point format. ' This is done by referrlng ‘to "integer varlables"

-
»

,/n1 n2, n3 -

< — -

n149,n?5ﬂ . } : "

The integer varlable n17 is the same storage place as v17, "But its interpal ' )

format will be.dj fferent. If we say ("cdle  v17<¢=6", TUTOR will put into 1
variable number 17 .the number 6, expressed as 6x245 with an exponent of =45,
go that thefcomplete number is 6x245x2~ 45, or 6. If on the other hand w; .
say- "calc n17<=6" TUTOR will just put the numbef 6 into variable number oo
Since" the number 6 reguires only three bits to speclfy it, variable 17 will™’ &
., 'have its first .57 bits‘unused, unlike the situation when we refér to the

17th variable as v17, in which case:both the exponent andkthe magnltude poltions

© . . -

_ =t-f"r'|——r'n+ . . rwmber. . -
Iy » . B r)‘ ! ] i d
1 - . .45 - T
-45 . ' - Boal e L v17&6 s

. calc

n17<¢6 = *

DV . ) , | . . ‘ ; ‘I\;
/ .. i . > ‘$. L ¥ “ , T o ' )
- ‘

— o
) ::apg 1223_ _ . : .
a ® lshowa- n7,198 . ‘ )

This WLllncausewan Pf" (the 6th leater %n the alphab‘\O to appear on the
screen at - dcatlon 1223. The flrs 9 character codes in n17 are zero, and
these zero or "nulll- codes have no effect én the screen or screen positioning.
Indeed, a "showa n7, 9" would dis lay-nothlng since the "6" is in-the tenth
character slot. If we use "show™ fn17", wer Wlll just See a "6" on the screen.
The 1nte@er-£ormat df n17 alerts -sﬂow- not: to. expéct\a floatlng-palnt format.

- .
a ~

If you say'"calc :

~

‘}n23<-5 7", variable n23 Wlll be a551gned‘th\ value 6:
If”truncatlon
"n23 ¢=int (5.7)" will assign the 1nteger'\#‘~\
Indexed znteger varigples are written-as "n(index)" in~ )

N s

is: desared, usé .the "lpt" function: . -
part (5) to n23.

¥ . ‘ " g . .y
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" The -showa— and -storea- commands ‘may be used w&th either v—variables
or n-variables. These cemmands simply interpret any V- or n-variable as a
character string. This is the reason why we were able to use -ehowa— and °
-storea- without discussing integer variables. , ..
- I3 .- .
. « ., It is possible to shift thefaits arouggh!‘side an integer variable,. In ’
1 particular, a "circular left shift", abbreviated .as $cla$, will move bits to
the left, with a wrap-around to the right ‘epd of the variable:
. - . ‘

- calec  'n17<4=6 $cls$ 54 ' B .
~ Cat 1223 I o .
, ' ~ showa - n17,1 $$show\eQe:f:aracter : ~ Y :
» \ . X -
. o will display an'"f" even though the -showa- will display only the first

characger, because ‘the "6" has been shifted left 54 bit positjons (9 six-
bit character positionsg)., A circular left ‘shift of 54 may also be thought of

as a right circular shift of 6 because of the wrap-around nature of the
* circular shift. o '

We have been using: “n17“ “as an examgple, but of course we should be
writing "inum" or some such name, where we have used a =define~ to L
specify that "inum=n17".% For the remainder of this chapter we revert, p
therefore, to the custom of referring to variables (v or n) by name rather
than number. Also, if we want the character code corresponding to the letter

» "f" we should use "f" rather than 6: 4 . S
Al ) . ‘ \ 3 .
calc Cinum¢="£" $c1s§ 54 x v ‘ e
is equivalent to but much.more readable than - c - -
% » . . . \ . .
< calc  n17¢=6 $kls$ 54. : \ : : N

é

The quotatlon marks can be used to specify strings\of characters. For example

y

. N . -~

' . , calc inumom"cat" t : .\«\ e , ' 1
. |will put these number? in inum: . _ . S

i

. ! \ -~ ¢ v Y R
. ( N . s e . . " .
} ! rall mull pull null rgd sl T wd i c _a t ! /
. . B ' - j . o . ‘W.
g .| #.| @ ﬁh;mﬂy@ B |3 1 28
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A "showa  inum,1£" will display "cat®. Notice particularly that-using
quotes in a ~-calc- gg\&qgfne a character string puts the string at the

right ("right adjusted"),>whereas the -storea- and -pack> commands produce

Jeft-adjusted character strings. It is possible to create left-adjusted
Character .strings by using singlevquote marks:. inumas'cat’ will place the
“cat" in the f#rst three character pasitions rather*than the last thzee.

‘ Let us now return to our early example of the number 37 expxa.led as
the sequence of six bits "¥es,no,no, yes,no,yes", If we let 1 stand for
“yes?.ﬂﬁgd -} forﬂ{?o“y\we ght write this sequence as '

\. . ) R \ 1"‘””1”1 ’ '
which stands fdr. ] _

: : .Y R
(1x32)+(ﬂX16)+(pxa)+9{f4)+(HXZ)+(1X1) = 32+ﬂ+ﬂ+4+ﬂ+1 = 37

)

. or 9ven more suggestively ‘ , o ; o

oo (1X25)+(ﬂxz )+(ﬂx2 )+(1xz )+ (Px2 )+(1xzﬂ) - 3z+ﬁ+ﬂ+4+ﬂ+1 = 37

.

]Note that 2” equals 1 ) Writing the sequenee in this way is analegous to
. writing 524 as . .

(5x152)+(zx1p‘)+e4x1pﬂ) Sgp+2p+a = 524 ' .

-
<

' (
In other words, wﬁen we write 524 we imply a "place notatlon" in base 18
such that each’'digit is associated with ‘a power of 18: 5Xtﬂ 2xygl,’ 4X1ﬂ’
Similarly, rewriting our yes and no sequences as 1 and @ sequences we find
that the string of ones and .zeros turns out. to be the place notation in

‘base 2 for the number being repﬁgsented

Here are some examples. (1@@1, means 18@1 in base 2.)

5\
\
A
\

T~

1891, = 2%42P = 841 = 9 | N\

1188, = 23422 = 844 = 12 ’ :
T. B8, = 25424422428 = 324164441 = 53. i o " A
. 18PPRBY, = 26428 = 64+1 = 65 ' o

A% - o7

This bése 2 (or "binary") .notation can be used to represent any pattegn f\\\\\
ri

bits in an integer varlable, and with some practice Y, u can mentally conye

back and, forth between base"’ 18 and base 2. This bec es im ortant if yo )
perform ¢ertain kinds of bit madlpulatloqs.s T : //-m o
. ' ‘ o ed: ] l I . \ . \\'i 4
‘ h " I J- R
.' . ! A ' - ! i
[y - ‘i " l ° . 3 .\‘
‘ ! . I “n
- . . “ ) .
' T f n
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. An 1mpqrtaht property of bihary reprelentationﬂ is that ‘shifting left
: \f or right is'equivalent to multiplying or dividing. Consider these examples:

’

S : : r-phift left 2 places ° :
- 9 $cls$ 2 = 1§81, Sclss 2 = 1904y = 36 t .
. &kift shift 2 is like multiplytﬂy y 22 or 4) ’
\ ‘\ . _ ' N ¢&—shift left 3 places .- ‘ .
R D sclss,3 = 19FNEHR, = 72
""' A “(left sl;i{‘t 3 like multiplying by }23 or 8)

'

. b J i -
v So a legt shift of N bit positJonLvis équivalent !to mdltiplyingiby-zg. A :)
; . zight shift of N bit positions is equivalent to division by 2N (assuming
- no bits wrap around to the left end in a $cls$ of 68-N). There €xists
’\\\ *  warithmetic right shift", Sars$, which is not circular but simgly throws
away any bits that fall off the right end of the word: '

N : ) : ) thrown away
9 sars$ 3 = 1g#1; Sars$ 3 -‘19(1 =1,

_ This correspands to a division by 23, with truncation (9/23 = 9/8°which
truncates to 1). » ’

<

o Too. "

A major use of the 6F bits held ip an integer variable is to pack into
one word many pieces of information. For example, you might have 68 "£lags"
“set up or down (1 or f#). to indicate 6§ yes or no conditions, perhaps gor-
responding to whether each of 6@ drill items has been answered correctly or
not. Orgyou might keep fifteen 4-bit counters in ore word: . each 4-bit
W\ +countgf could count from zero ‘as high as 15 (29%1) to keep status om how well
\ " the student did on each of fifteen problens. Ten bits is sufficient to gpecify
\ : integerp as large as 1823: youggquld sts%hhsix tg~bit baseball batting L
S

4 averages/&n one word, with suitdble normalyzations. Suppose.a batting average
‘ is .324. Multiply by a thousand) to make i} an integer® (324) and store this K
. integer *in one of the 1@-bit si¢ts. When jou withdraw this integer, divide AN
is by a thousand to rescale it §o a fractiop (.324). When discussed ’
.. arrays we had exam scores ranging frgm zero to 1@@. , The next\larger power
: of two is 128 (27), go we need only 7 bits for each integéer eﬁhm_sdﬁre4\
‘\\" ight such 7-bit quantities could be stored \in oné 6@-bit word. .. s

r

\\ ' c How do‘you.extract a piece of in rmatijn packéahi a Qoré? As an.
N example, suppose you want three bits focated \in the 19th of ‘twenty 3-bit -
slots of variable_“sp&cﬁ“: s B ‘ ‘ ' _ .

o\ -t

ON iﬂum4=(spack'?%gs$ 3) $masks 7

i

R NG I ~ e
LY O S A S SR A A A 4 ﬁ'i B
|

'?i". 'fv[x /‘

TR NERE AR NN N
o SN - /;4 -
' ' : . ) s . : a ) ) K 0 '9”“
o, s sEdwsEoNEEEEHEEEA 7] dromo N

‘, o . f ’ .
e v - . L . y ) i _ =N\

L.
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The pumber 7 is 111, (base 2: 4+2+1), s0 it is a 3-bit quantlty with all
three bits "set" or "on" (non-zero). The $mask$ operation pulls out the
corresponding part of the other word, the 3-bit piece we are interested in,

In an expression (x $mask$ y) the result will have bits set (1) only in . e
those bit positions where both x and y haqe bits set. In those bit poagitions ., -
where either x or y have bits which are "reset" or "off" (g), the Smask$
operation produces a g. We could also have used a "segment" definition to
split up the word into 3-bit segments.

4

[ ) - K
A 4-bit mask'would be 15 (11112); a 5-bit mask 31 (1111.1,).  (Again, \
"segment® definitionl of 4 or 5 bits could be used). You might even need : .J

a mask such as 1181115, which is '55; it will extract bits located in' the

five bit positions where 1181113 has bits set. There ohould be a simpler

way‘of writing down numbers correaponding to particular bit patterns. Cer- .

tai?}y reading tﬁe number 55 does not immediately conjure up the bit pattern Y
1

118111,1 - .. \

A compact way of expressing patterns of bits depends on the fact that -

each set of three bits can represent a number from ﬁ to 7: /}

v - -
* 13 : > .,

T 119, = 4+2+8 = 6. o, . =7 o :

-

675 = 6x8147x88 = 4847 = 55,5  * .- SR
(base §) - ; o (base A8) . .

l

Just as.each digit in a decimal ‘number (base 18) runs from .} to 9, so in an -
octal, number (base 8) the indiwadual* erals run from @ to 7. . Octal numbers. . - *
are useful only because they represent a_¢c mpggi\fay of expressing bit pat- , ,

. . terng, - With practice one- converts between octa and base 2 instantaneously,,

and between base 8 and base 1ﬂ 'somevhat ‘slower! N o e T
" -~ 4
base 19 base 8 " base 2 . S Coe
. ﬂ . . 7 \
2 - ‘These
s 73 - ghould. .
» ) w4 " - . be P
‘| .5 - ‘memoxﬂZed
L, 6 | R
SR A 5. a,
o 8 \ .
' 9 T :

N\
LY
PR
b el e=d b
W N =™,
:_———-——
-

.
- .
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‘o The conversion between base 8 and base 2 is a matter of -memorizing the first
eight patterms, after which translating 1141411811141 to octal is simply a
'matteg of drawing some dividers every three bits:

*

pg1gnﬁ1mg1' ) - R L
H5:3 3!s5 = 153354 ° B
; . Y .
_ What is 15335g in bage 18? ’ . o : . I .
i 84* 83 82 gl gd //\
-~ 4g96 ‘512 64 | 8 1 : )
. 7 | {s 1313 4] 5 = 1x4n96+5x512+3x64+3n3+5 (=:5853,4, T X
. 4 ‘
.How about the octal version of the number 79? The blggest Rower of 8 in 79 R
is QZ (64), and°79 is 15 more than 64. In turp, 15 is 1XB1+7XBﬂ, so
Y h . Lt

791g = 1X64+IXB+TX =, 1><a?*2w-1>¢a‘+7><a>u = 1174 o
Lucklly, in bit manlpulatlons the COnverslons between basg 2 and base 8
ﬁre more important than the,harder conversions between base 8 and~base 19

- %:

' ' o, . : x $mask$ o037 - &
.¥ will extract the right ~most " 5 bltS from x, because 037 '= 373 =- ﬂ111112 R
which has.S bits set. '‘Naturally a number startin w1tﬁ tbe letter "o" must ?
not contdin 8's or 9's! ‘ : '

- ) w111 dlsplay "ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂbﬂ\7" an the screen (39 =47g) . \'Tﬁe default
© format is twenty (3—b1t) octads, de(respondlng to & whole Gﬂ-blt word

shew_se4 e T T
R P 4 \ 'ﬂ ¢ B
\\*“w1lﬁ\§isglay "pra *y shewin 'ust four, octads. » ' N L,
_ S Now\that we hKave dis ssed the octar notatlo it.is.pOssible to point R
n oué-what\happens to neratlve numpersy Yoo e -_i ., ' R
! } a A ‘ : e ) ¢ @
e e — TN - o R A

t
]
L] !
)

e = ; - v .

) K e Y showo -39 T, v o

A "\V" S RS, \ o
’ ‘ ‘X&l dlsplay "777£mb777f77777777j£;}\\3 negatlve number is' ‘thi

"9e-the positiive nimber--binary 1'k are'changed to #'s ghd bin ry p¥s are
dhanged *to “t's., In octal, the c plemeit\gf g is 7 (8P4 11]g = 7). and

Cte uT the complement 6f\78 is ﬂe. In the exanmplegshown, octal 47g is 3pﬂ111 .
. oo ‘ . : £

”
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.

whose complement is £11888,, or 3@gs Notice in “particola that the left- i
_ most‘Bit (the "sign" bit) of a negative number is always sdt. In order -
“that a negative number stay' negative upon performing an "arithmetic right- A ‘"

shift”, all the 1eft-most bits are‘sget. SO _ ;’) . L ' L.

. o4ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ3242"$ars$ 6. T |
yielﬁs 0774ﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂ32- . - . ST

A . .
3 . . - ~
'

Only the slgn bit was set among the left-moat bits before the shi
. 1800p07), but after the Shlft the first seven bits are all set..
left shift", $cls$, does not do anythlng special with the sign b%t.

o T It is interestlng to gsee the bits’set for floatlnginplnt numbe?s

1

.8

. ) ] . : ) N . ., . . /
calc vig3s =~ - R ; - : - : e
at 1215 ) ) Y . . . ) . -0 . ?(1‘
‘write pos=qo,viP> $$ o for ~showo- : ‘ e
) ol neg=< o,-vip - . - :
w111 make thls dlsplqy' . . ' . ,
- ; pos = 17216¢¢ﬂ¢ﬂ¢¢¢ﬂﬂﬂﬂzﬂﬂ . e a
‘. neg = 6ﬂ571777777777777777 T, ‘ : C

"
-~

X4

" Note that the negatlve number is the complement of the pOSithe. The 48-bit*
magnitude (ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ) represents a huge integer (6x245 . * The eleven ’

» bits between the- 31qn bit and the 48-bit magnitude give the power oﬁ»two 6—46)

. by which the magnltude is 'to be scaled (3 = 6x295x2-46 = 6x2~1 = 3), °a baas

of, 2pfifg is added to the cerrecteexponent (~46,-or ~56g) to give ah eleven-

bit exponent of 1721g. Exponents less than 2089 represent negatlve powers. e
exponents greater than.zﬂﬂﬁa represent pdsitive powers., - ‘ . " \f

. n S [

1} - Lo

We have encountered octal numbers (e. g., 0327) which can be shlfted .
left ($cls$) and glght (Sars$) and complemented (by making negative). Pleces »“‘g -
can be extracted with a $mask$ gperation. Additional ‘hit operatlons are co .
$un10n$, $Aiff$, and "bitcnt". The “bitcnt" funetion gives the number of
bits get in a wqrd° b1tcnt(o2g1<1s 3, because 025 is ﬁ1ﬂ1ﬂ12, which hds 3
bits set; bitcnt(-025) .is 57, since the complement will have only 3 of 6gd. - .
bits no éet,vbltcnt(ﬂ) is @#. .Like $mask$,‘$unlon$ and $d1ff$ operate on the

AinaiV'd 1 bit posﬂtlons, with all 6@ done et once-'bv S SN Lt e
~ ° . o ci
. ) i Sy v | b D A [ o . .
& . 8ks$ y . prbduces alo ly yhere both x jand y have 1's. R T
. "X $hnién$ - produces a 1‘w ere either x or [y or both ha 1's | ’f if
.ﬁo, 1ff§ y7 - pr¢duces a 10 1y where' x and y dlffer. x),.. ‘} ) ;.V : E,

, \ . '} 2]
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Note that $unio $ mi t be called "merge", since 1's will appear in every ‘ o
bit position wher e1t er x or.y have bits set. The "$Aif£$ operaﬂnon might o
" also be referred to s n "exclusive" union, since it will merge bltexexcept o

' This- deflnltlon makes AN po: slhle to work w;th thls "segmented"

- in n31,. with, the last 4 blts un ed. The néxt elght bytes are in n32, etc.

" With 8—b1t bytes we can have numbems 1n the range of *127

;able to understand the table givern
‘segments.pet varlable. Lgok at the table now and, see. whether you can check

"While $mask$ can be useé ‘ :
a $mask$ that includes all but that piece foilowed by . al$dnion$wqan¢béuused -

to insert a nea"plece of J.nfox'mat.lon.n
. . v ' T . S
Byte manipulation o el

‘ P : ’ .

J The most com@on use of Jt manrpulatlons is for pack ng and unpac inz
"bytes" consisting of several Wits from words each of whlch contaln St 1 Al
bytes. This can lead to major ngs inPspace. if aﬁ exam- score 1135 al o
ways between £ and 1ﬂﬂ, only seven\pits are requlred to hold each score; .
since (27-1) is 127.  Another way to“see this is to write’ the largest 7-bit - IR
quantity: 11111115 = 177g = 1x82+7x8147x6# = 64+56+7 = 127, hlS is oné .
less than 2@@g, which requires an eighth bit, We caf. £it eig .
into each 6f4- lt\wgrd Happlly, TUTOR‘w;ll do the bOOEREEPing fo you, as S
we saw’ earlier: N - K L o

_ define " 58 e t scores=n31 7 ’/,ilifv' .

array as -

’ ! b *.

YR o A . <
- calc - ss<=score %Q%gﬂ. T R A
j' sqores(‘]'?) &8 /S ] /,’ A L
. etQ. - . o " ' , o R l,' ,‘ « e
These Yefer to the 3rd and 17th ytes. The flrst elght 7-bit bytes res1de .

define segment,tem vSZ.B,sxgned " - s o

Q, . : .- '.jv " | ‘ . . e : ‘. . - . . i .' .0.
P QJ e W .
calc téMﬁTZ&L -95 E : o

' i ! ‘\ \

o

may be abbr vmated by Hgt,

|
'

. Now that you understanﬁ the

01:
»

it structure of a Varlable, you should be .
earlier of segment) ranges and _number of a

the entries in’ the table,'

i J

X - ﬂ . ' - "T.,. R
1) . "‘_ ) o ’ 18‘;’
~. ) . ! L
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Alphanumeric to numeric: the -compute=- command --— —

5 — . '
v .

The =store- commasd énalyzes)the judging copy of the student's response BT
character strlng and produces a numerical result. This is actwally a two- : _ s
. , step ‘process. First the character .string is "compilegd" 1nto basic computer |

- u~1nst§2ctlons and then these machine instructions are "executed" to produce e
' - the cal resilt. During the cdmgllatlon process the; "define ' student" - '
. definitions and the built-in function definltlons (sin, ¢os, arctan,; etc.) Y
are used to recognlze the-meaning :E\names appearlng in jhe .character str1ng. y
Numpers expressed as. alphanumerlc digits are converted to true numerical : P
«quantities. For example, the character §tr1ng 49" Becomes a number by a T
surprisingly indirect process. The character,code for "4" is 31 singe ’
[z" is 26, "g" is 2%, etc. The characteé\code for "9" is 36+ The number -
expressed by typ1 g 49 is obtained from the ‘

- e Ty

S . o 1g@a- 27)+(3e-27) ‘or 1g(--4-- " y L
T T 1814)+(9) o o AR
o T C L nApe : 2: e
( ) ) - . 49", w\ t' . ‘ ’ T
. . - T ’ A - ‘ \ ‘ ',
ose For these and slmIIar“reasons, the cdmpllatlon prccess is ten to a hundred
" times slower. than the execution process!. Therefore, TUTOR attempts to complle

- the student's response onlyonce,whlle the resulting maChine 1nstructlons
may be used many t1mes. »

-

- » N s PO
. .The first. :store- -ansv- -Wrongv-, =storeu-, -ansu-; or -wfengu- com— L
~ - ‘mand encqQuntered dur1ng judgiriy- triggers COmpllation. All these commands Ve .0
‘ following first one slmply reuse the~compiled machine 1nstruct10ns.’ If

a =bump- .or - judging copy, a {ollowlng -store=-o
command will have to recompile. S 'larly’/, "judge j

~ rce recomﬁllatlon by any of these commands. Note that re-exec ti
\\S\\\\\\ refer
. [ ” y
™~
- regular =gompu
... . ——+string:
N [
-
o For: example, Toe s
C . | o L .
! % co pute v35,v2,v1,v22
i S s
| \. ~1 : character . 3
v retumn . ointer
s . strlng . N X
» , e “hurierical - _ machine i
," - resu;ft : ’
@‘ 3 1"'
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e After compilation, the "pointer to machine instructions" ¢ontains, the location
’ . of the machine instructions in a special -compute- storage'\area. You must

zero the pointer at first to force compilation. TUTOR will then” set the
pointer. apprOprlately so that re-executions of the -compute-L command can

simply re-execute the saved machine instructions. Here is a unlt which

a ~ |-permits the student to plot functions of interest to- hlm'
' s : A T — . I e "
A { define g |
« j ) ) . _
: ' AT define :
‘ el Y tr1ng=v3,point=v35 .
; . " 1 " - ¥ h \g“!r ig i n
Y " % ), bounds. . -
e scalex \1f e :
. - g s R WS s
scaley F -7
. / . S . - ‘ .
" unit graph T Ny
. - next _ graph . ' \ o
3 . 7 backg. graph - '\\\\ ‘
N Y axes o 88 dlsplay the axes 5“\
labelx, 1) . . L
B ~ | labely g.2 : C l¢ L N
) at - 3145 . ) M
S v -7 | write Typé a function of x: -7
. H . - arrow where+2 g ' ‘L
‘ . _ storea st{ing)jco?ﬁé; ; ,n |
.- j .:.A ¢ ok - o\ oo , e L .
IR NN SRR ‘ Ca,lC" - x<&Epoint<=g ™~ oo S
AL DR e - ‘k\ .| compute resul;?gkxigg}jcgﬁﬁtypoint, y T
(RN | goto . formok,x,ba form ' \\;Z
e g locate f,result ~.$$ draw £rom here
L - doto 8plot,x<=.1; 1ﬂ,. - '
. compﬁte\result,string jcount,point E X
» e s turct 1 goto ‘\fsggzk,x,badﬁorm . .
- S gdraw - ;X,result _ . - . . -
\\‘.\ ~ ) 4 lot . . : } T s
N s D T
Lo ~ B unit badform <~ °h
. ' .at 32087 . ,
' o . writec formok,... °% $$ tell what's wrong
n ’judge‘ wrong . ., - . P
‘..T \ » . " on!‘ ! \0! A
SO ;ctlons can be superlm osed by changlng th% rqspon%e inste d of
S I The first ~compute- in this unit calculates the
\»\; L !s function’ ok % equal |to zero. The -ldcater command
e pos'tﬁbns u at loclsion (8, result) so that the first -gdraw- willl dra
e l al Lstarqing at tﬁa*\-01n . The SVStem fariablel "formPk" ‘has ﬁhe valjlue*.
T f compila¥ion* an

e " exebution fails due to
\a negatlve numbqgiland various pOSlthe 1ntegra1 values

Qﬁc on éuccéed g oAf compylatloqcsu eqdé but -
suich errs:s as tryln ‘to Eake_the square root of .
- vari

\ ’ - -
.
. - o A

* e

- \ °

4

s compilatien’
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-line number, from 1 to 15.

" the strings have\been recently complled or not.

| S .
O
‘1 -Built=-in def'nltlons tdke precetence in a -compute-, SO that 51 (0

IX -27

Sherwood) permits’ the student to write up to fifteen statements
grafit-language and execute his program to produce graphical outpuk

+- s - -
i . N Uricone te-GWFIT - GELP is availphle)
} - . i vetes )
H wbnevd A
3 vevel-mnlle P ¢
4 teted o
3 gete 2 Press
~ Y ~§TOP-
T . te ~
. [ aurt. y
* v
10 -
| " |4 ff
i 12 -
13 B
14 . »
2.088 1)
- ()
~ o d
L
. .
. S
.:- N . - - .

t.
Press DACK te clean up screen.

¢ . . 3

e

Thls student S program calculates the motlon of 'a mass oscillating on the
dnd of a non-standard spring.’
running the program twice with different values of the parameters. The
.heart of this lesson is a loop through a -compute- ‘command with strlng,
character count, and point all be1ng indexed variables. The index is the
Each student response is analyzed using a
-match-, command looklng for keyw0rds such as "goto".
response is filed -away with a -storea- into the strifig storage area -
corresponding to that line number. - The 15 p01nter-var1 bles are zeroed in
the ieu (initial entry unit) to insure that whken the student retdrns to.

a PLATO terminal after several days TUTOR won't be confused over whether
Also, wheneveg\the student
changes one of his statements, the - correspondlng p01nter is zeroed in order
to force recompilatio \Qﬁ‘the altered chatacter’ string. The student can
‘press DATA to “initialize p eters, LAB “t6 ‘specify what variable to plqt

,againstl what varlable, and HELP a* descrlptlon of "the grafit language. .
udent" define set deflnes alw_ etters as varlabl Qhe\\ -ent

/The "s
\can use. - o

) -
| ,

as tagen to mean , sineg of @, not Xlxnx(elq even if's, i, and n have aLl

Tpedn. ined in the Etudent Set. ~"This 1svtrue'also £f6r -store- and
related ¢ id's § However, author's own d finitions take precéd ce. in a-

\

"Then the- rest of the

<

The two curves are the superposition of - -
—~

.

1
)
d .
'x
i
i
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-calc-, . so that,within a lesson an author .can override the normal meanlng
of "sin" or "wherex" Other differences already mentioned were that authdrs
must use explicit multlpllcatlon between names-of variables or functions, ‘and. .

.authors must use parentheses around function arguments. While authors are
dlscouraged from using primitive names such -as v47 except. in"a ~define-
statement, students are not permitted to use: prlmltlves at all. This is -

“ff‘done*to*péotect<the-author & internal infermation. Similarly, students w;;‘

- 1‘5

e .This wﬁll\look for "ca Lt in n1, n4, n7, etc., and n125 would he! retur fd ﬂ;

. | o r 1  T R oy f‘b_ l_b : }Q
. - B s . l‘ﬂi . '

dannot us |the assignment” symbol (=), except 1n a =compute-, unless there o
is a "specs . okassign". < : . . - L . ]
. ~ ’ ) ¥

Iy m i

It should be mentioned that whlle'-compute- converts alphanumerlc o
information into a numerical result, there is an -itoa-'cotmand that can

~be uséd to ,convert an integer to an alphanumerlc character string. - L
‘ ¢, : _ f ¢ ST o

. Q . ' . 3 0t

The —-find- command : T ~__~® .. i

The -search- command is character-strlng or1ented and will locate 'dog' .
even across variable or word boundaries: the d might be af the end of one
word and the og-at the beginning of the: next word. The -find+ command, in
contrast, is .word oriented. - It will. find which word contamns a certain number o
or character string: S ‘ ) - -

'

ﬁlnd 372,&1 sﬂ‘n125"‘**-ﬁ>.return the ‘ . E | -
‘ look starting looklﬁg - locatiom .'. | - ‘
for 372 at n1 through - /",,{‘ v :
. Sﬂ wor'd's r . SR S .

If n1 contains 372, ni25 w1ll‘return the value ' 1f n2 is the first word
which contains 372, n125 will bhe 1, etc. Iﬁ«none of the Sﬂ-WOrds ‘contains .
"372, n125-will be set to =1. Notigce that in -gearch- the teturn is 1, not #,: %

if the(strlng,as found 1mmed1ately. This is “due to the fact that Jin character
"strlngs we start numberlng with character number 1.x Qn the othef hand,
. here the first word is n(1+ﬂ). . -

Do hot use. v-varlables in the flrsﬁ two arguments of -fin@- because -

-find- makes.ltscomparlsons by 1nteger operations. The.first arggment can

be a character string suth as 'dog’! or "dog".. You can look at every 3rd

‘word by spe01fy1ng an optlonal increment: T S oo .-

-

g f1nd ' "cat",n1 Sﬂ,n125 3

re

- . ' . :
} . i

. . | ) '. * . . hd P
I \ ‘ oL optloﬁal | H\ e

or 3,0t 6, eltc| Negatlvellncrements can be used to search backwards Qm -

the end of the list. L . o vt - S \_ ‘ ‘
e ‘
]
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tag) takes you immediately to th

T~
7/
You can also specify that a "ma ed equallty‘search" be made:
find "cat",n1 5ﬂ,n125 1,o7 7ﬂﬂ
: ) \vJ —

,‘omask N ‘
In this case n125 will be zero if [(ﬁ1 "cat"l $mask$ o7777ﬂﬂ] is
Zzero. The mask specifies that only a part of the word will be examined. oy
The increment must be specified,even if it 1s-one,to avoid. ambiguity. l ‘ .—[ .

There is a -flndail- command which w111 produce a 1lst of all the

locations where somethlng was found, rather: thin producing locatlons one \f”*“
at a time., . v . o )
. LN B . ) . . ) {
Lo N T ) . LT ' ‘.
-, ~ . . .
The -exXit% command LN

That is, you have encountered

IS

Suppose you are seven\~ v;is deep 1n -do-s.
eveq nested -do- statements ©n the way to the pxesent unit, The statement

"exlﬁ 2"-will take you out’'two levels. The next statement to he executeds -
is the statement which follows the sixth ~do-. ‘A blank -exit- command (blank
statement following the first -do-. Such

operations are occasionally useful. Notlce that encountering a ugit command .
at thé end of a done subroutine will cause an automatic- "éﬁlt

o

1 " .
! B . T . -
e o . ¢ ) N . P2 B - . -~
Lo ( ‘ T~
». - \\ 2 . - ’ I"
o‘\ o 4 .
3 hd 'Y
o N . )
IS
\ # ¢ hd v
{ ! ‘\ Y, ~ ’ i
N 1y » A | EIN .
o \ " - , .
J .\\ . . N -
\ R . .
- \ -
- ' .
\ : hd > K 8
. (\ . 9 A
» . o~ h
L, v i
\ ! - «
s \ >\L‘ -
. . ‘ : e . . i
V- o N . \ i
K’m -] . i 1 . ¢ \
) Lo . i
n . . s - ll - . \
. N N ! \ | i
“ ‘ \ 1} V \J ] ., M v
. R i i
} [ b ‘l 1; s ] s
! T SN @y
i . ‘ i \v ) NG - . »
N . - M / 3 )
- H . ,\‘\,.- . -
e . e Ty
1 . . T S .
) * . . ' . : e '
- . . ) . . ‘\.\ X
) " ' o ’ . N -
191~ -
N . . - '\ v } . <
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“ - @ "
st . e > X ) N ‘ i |
. » . b ~ [ .
- The -commofi~ command - - : . _ : o v ~ o
: . . LA .. . . ~

1The""s€udent varlables" vl thrOugh w158 are assoc1ated with the individual
student, %s poss1b1e td use “common Variables" wh;ch ‘are common to. &11_“_4“,;J“,;W

. thése, students studyigg a pant;cular lesson. These common variables can be

used to-send messades from onre' student to another, to hold a bank of data

~used by all the students, to accumulate statistics on student use of the = . .

‘lesspn,. to contaln test ltems 1n a compact” standardng@ férm, etc. _ f//
4 I ' v ' )

! "As a flrsﬁ examble of the use of common, let's count the number of’

students who have entered our lesson. We%w111 also count how—many of these o

students are female: - ) _ . .
R ) ' . : v . . o, L .
- common 2 ) 8% two commén. variables . o e
‘ ::E define »total=vc1,females=vc2 o e , d ST
x . . A
. u'nit ask . b S ) ‘ L o ) "
- '+, calc total<=tdtal+1 s LT . o e o
g -at L1215 e T : , . \.\ W ey
o , write - Are you a female? -~f C o -~ o L N
- - arrow 1415 - St L L o ) !
“  answer yes o T e S . ‘
calc fematesc=females+l - . SR . S .
' answep<” no - ' R o A

L

W,

. Y
R IE O
-

a

. no . AT o L e I oL
. write . Yes . P :
endarrow .. . i . Tl _ '
- at” t1615 ~. " T . ¥ o o
b ", *write Thek¥e are® <s,t0ta students, of whom v
' - «a,femalesP- are female. ~~ T “_.”.

06 . ® - . -v‘ - - P ‘.
The =-commoh- command tells TUTOR to set up two common Varlables, vc1 and vc2, ‘
which we have deflned as :total" and "females". ‘These common Variables are ".”
automatlcally initialiZed to zero béfore the first student eqters this lesson. .-

The first sstudent increments "total" to one ("calc total<=total+1:) and o
- may also increment "females". fhe second student to enter the lesson causes T

: "total" to 1norease to two and may also change "females". .Each student is . n

shown the pfesent values}of "total" and "females", which dependyon What other  ~ .

»

fstudents areldoing,, Weimust use common varlables vc1 and vc2 rather than the‘

. student variables. v1 and v2 because the studen variables canno . be d;rectly o

affécted by .actio
Gut that when® the‘
and a single ve2,
are five v1's and

\S ‘of other stugents.l,Anothe way to see this is to pblnt NS

e are’five students in this Jlesson, they share a s1ngle vecl 5 ;
whereas they .each hhave their! ;own. v, ‘and thelr own Vv2: there

flVB %2'5 but only one ‘vel a}d vc2. ’ . s




v
. . X -2
‘ %
Integer common variables are ncl, nc2, etc., and indexed common variables
are written as vc{index) or nc(index). \

The sfatement "common 2" tells. TUTOR to associate a twoysord sét -of
common variables with this lessons For reference: purposes it is good style
to place the -common- command near the beginning of the lesson. There can

. be only one -common- statement in a lesseon.. Like =define-, -vocab-, and = -
-list-, the -common- command is not execcuted for each student: rather,.when
TUTOR is preparing the lesson for the first student who ‘has requested it, a
set of common variables is associated with the lesson and all these ¢ommon
variables are initialized to zero. Additional students entering the lesson
merely share the 'common variables previously scot up. :

Suppose ' a class of fourteen students uses our lesson from 18 A.M. to
11 A.M. The fourteenth student comes at 18:#5 and gets a mbéssage on the
screen saying "There are 14 students, of whom 8 are female". As long as the
lesson is in active use,each new student who enters the lessen increases
*"total" (vel). However, when all the students lecaye at 11:88, the lesson is
no longer in active use and will eventually be removed from active status to
makeé room for other lessons. Whon another class tomes at 3:8f P.M., the
lesson is not in active use and TUTOR must respond to the first student's
request for the lesson by preparing the ‘lesson for active use. In the
preparation process the statement "common 2" tells TUTOR to sot up two
common variables and inigializc-them to zero. The first student to enter
the lesson at 3:8¢ is told "Pheére are 1 students, of whom 1 are female".
She is not told "There are 15 students, of whom 9 arc female", despite the
fact that the previous student (at 1#:95 that morning) had bgen told therce
were 14 gtudents, 8 female. The “"common 2" statement will eause the common
variables to be zeroed cvctyl time the lesson is prepared for active use.

) The typg of common which is set up Wy the statement "cémmon 2% is ,
called a temporary common. It lasts only as long as the lesson is in active =
us¢,y, and its contentg are initialized to zexp wheqever the lesson is moved
from inactive to active status. Temporary ecommon can be used for such things
as telling the students how many students are present, what their names are,
and whether a student who has finished a partiecular section of the lesson is-
willing to leave his terminal to help a student who is having difficulties.
Messages can be sent from one student to another through a temporary common:
just store the message in the common area with an identifying number so that
the appropriate student can pick up the message and see it with a -showa-. ’
The lesson simply checks occasionally £Or the presence of a message.

, When a student signs out you usually want to change the temporary cofumon
in some way. For example, if.you are keeping a count of thc number of students
presently using the lesson, you increase the count by one when a student
signs in and you decrease the count by one whea the student leaves. The
=finish- command lets you define a unit to be executed when the student presses
shift-STOP to sign out: . L ~

finish decrease

: (§

j— unit decrease
calc count ¢&<count-1 .

v

s N




&

. In this case unit "decrease" will be done each time a student signs out. .
* Normally the -fInish- command should be put ‘in the ieu (initial entry unit).
As with -imain~, the pointer sqt by the -finish- command is not clearcd at

each new main unit. A later -finish- command overrides an earlier one, and .
"finish "q" or a blank -finish- statement will clear the pointer. As with
all unit pointer commands, -finish- can be conditional. Only a limited
amount of processing is permitted in a -finish- unit to insure that the
student can in fact sign out promptly. . A ,
Wo can keep a permanent, on-going count of students who enter the
- lesson by’usihg a permanent common. Instead of writing “common 2", we
write "common italian,counts,2", where "italian" is the name of a permanent
lesson storage space and "gaunﬁé" is the name of a common block stored there.
This is the same format used for character sets (the -gharset- command)
and micro tables (the -micro- command). When the common blook is first set
! up in the lesson space, its variables are initialized to zero. Let's suppose
that the fourtcen students who come in at 19:08 A.M. are the very first
students ever to use our lesson, The statement *common italian,counts,2*
. will causec TUTOR to fetch. this (zeroed) common block from permanent storage.-
As before, the fourteenth student arrives at 1':35andisftold “There are 14’
students, of whom 8 are female™' At 11:88 A.M. these students leave and our
legson is no longer in active us¢. At some point room is necded for other
active lessons (and commons), at which point our permanent common, with its ’
numerical contents of 14 (students) and 8 (females) is sent back to permanent
storage. At 3:88 P.M. the first gtudent of the afternocon class causes TUTOR
to prepare the lesson and fetch the permanent common from permanant storage
without initializing the eommon variables to zerq, The result is that she
gcts the message "There are 15 students, of Whom 9 are fcmale“.*

The- key feature of permanent common is that it is fetched from storage
when needed and returned in its altered state to permanent storage when the
asgociated lesgon is no longer active. In our case we could enter the lesson-
months after its initial use and see the tdtal number of students who have.
entered the lesson during those months. oOther uses of perfnanent common
include the storage of data bases accessed by the students, such as population
data in a sociology course or cumulative statistical data on student perfor-
mance in the course. - - - |

l
\ .
The swapping process

Before discussing additibnal applications of common variables, it is
useful to describe the. "swapping" process by which a single computer can
appear to interact with hundreds of students “simultaneously“. The ‘computer
actually handles students one at a time but processes one student and shifts

N to another so rapidly that thelstudents seem to be serviced simultaneoush(.
' In order to procesS a student, his lesson and his individual status (including
the variables v1 through v15g) must Qe brought into the "central memory" of
- ) a - {
L0 A , : \

.~
-
» .

* There is now an -initial- command which can be used to define a unit to be
executed when the first student references the‘common. This makes it pos-
.sible to perform initializations on a permanent common'. :

. . N\

- o R
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. the computer. Aft few thousandths of a second of processing, the -

. student's modified status is transferred ont of a central memory (to be
used agéin later) and another student's lesson and status are transferred
inbd’centrayfmemory. .This process of transferring back and forth' is called

| )swapping“. and the large 'storage area where the lessons and status banks

ch'are held is called the "swapping memory". The swapping memory must be
largk enough to hold all the status banks and lessong which are in active
use,”that ds, in use by students presently working At terminals. It:is not
necégsary for the swapping memory to hold in addition the many lessons not
pPresently in use nor the status banks for the many students not using the

computer at that time. These inactive lessons and status banks/are kept

in a sti11 larger "permanent storage" areaT7

)

-

low treansfer rate

Central
memory

Permanent storage
Thijusands of in-
active lessons
and inactive emory
student status . :
‘banks. L Qng lesson,

' i Ops student

Hundreds of act)ve status bank.

lessons and-aétive v

student {?:tus,

banks,

1gh trarafer rate

k-

T ;
When a student sits down at a ﬁerminal and identifies herself as
"Jane Jones" registered in "french2g", her status bank is fetched from )
permanent storage to see what :lesson she was working on and where in ‘the
lesson she left off last time. If the lksson is already in the swapping
memory (due to active use by other students), Jane Jonds is simply connected
up to that lesson, and, as.she works through the lesson, her lesson- and her
changing status bank will be continually swapped to central memory. If, on
the other hand, the required lesson is not pregently in active use, it must
be moved from permanent storage to the swapping memory. ' (This involves a
translation of the TUTOR statements into a form which the computer can process
later at high gpeed.) Thig fetching of the inactive 1esson from permanent
storage to prepare an active versiop in the swapping memory will typically
be done once in a half-hour or more as the student moves from one lesson to
another. 1In contrast, the swapping of the active lesson to central memory
. happens every few seconds as the student interacts with the lesson. Therefore, :
. the swapping transfen rate must be very high whereas a low transfer rate between -
permanent storage and the swapping memory is adequate.

* .




X -5
, .

Do " : .o . . L ,

When the student'leaves‘for the day, her status bank is transferred
from the swapping memory to'permanent storage. .This makes is possible for. .
her:to come back the next day and restart where she left off, . ' ’
i - . ' A
;- The question arises as to why there are three different memories: J R
céntral memory, swapping memofy,~and permanent storage. .For example, why ’
not keep everything in the central memory where students ¢an be processed?
It turns out that central memory is extremely expensive, but permanent
- storage’in the  form of rotating magnetic disks is very cheap. ' Why  not db
“swapping difectly-between permanent storage and central memory? The rate
at which lessons can be‘.fetched from permanent storage is slach too slow to
. keep the computer busy: the computer ean handle only a small number of
students because a lot ‘of time is wasted wai ing for one stugent to be
swapped for another. If the cost of the ‘cohputer wergvshéreg by a small ,
number of students, the cost woyld beprohibi:ively)hlgh..ln order to S : "A//
" boost the productivity of the computer, a spgcial swapping@memory is used -
which permits rapid swapping. This minimize unproductive waiting time’ »
and raises the number of students that can be handled. - The swapping h .
memory is cheaper than central memory but c 'éiderably more expensive than -

perman&nt storage. [ . . , : R : . .

v

-
.

. Iheiejis,‘therefore, a hierarchy of me ories/ggfcéd on us by economic
and technological constraints. The expensive, sTall central memory is the -
place where actual processing occurs, and there is never more than one student
in the central memory. /Material-is swapped back and forth togsa large- '
‘medium-cost swapping memory whose most impoxtant feature is a very’high
transfer rate to central memory. ' Permanent 'storage is an even larger and

cheaper medium for holdingrthe entire-set of |lessons and student status banks.
. y

It has a low transfer raté to the swapping memory. T

VR : . ' L

.

ot

[ “.' o y . . ‘
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) Common var1a§1e5’and the swhpplng rocess . ‘ . o . ‘

./
/

- which portions of a* Gommon to- swa
) memory array are set fto !@ro before bringing a lesspn, status bank, and dommon

IW111 be zero.

" in central memofy. On the other hand, lessonsé;-

‘.- . » I' - . "x ;/ 6
‘ ':. C

..

' ’

Now it is possible to describe more predisely the effect of "a Fcommon=
statement in a lessen. Just_as an individual student's lesgon and status ' N : .
bank (including the student variahles V1 through v158) are swapped betw&en: =~ =, /
central memory .and the zwapping memory, so a,set of common varlables assoc1ﬂted /
with the lesson is swapped yetween central memory and the swapping memory. ., /.
There f§ in central memory ?n array of 1588 varlables, called vcl through foo
veisgg, inkp and out of which a set of common variables -is. swapped. As long
as the. -coﬁﬁh statement specifies a set of no more than 1588 common variables,";
this set will- utomatlcally swap - into and ou® of the central memory array M
‘vel to ve15g4. Q&re is a -comload~ command which can be usdd to specify

if the common contalns'Wore than the 1504. . 7
variables which will flt in central memory.) All 15ﬂﬂ variables in ‘the central J

.‘, ‘ . “ . y ‘ . . \

-

" Swapping memory

student Jane N s .
— . . .
T~iwap Lentral Irhen:ory : ) » v
at\}dent B:11 \ i T, . . . N .

R’ _ N \‘q VI.:vlsl'}:.\ ‘ B /

.
L)
student "Nei ]

B . 1
. [::] ' /(’ l@sson area ] / Z‘ .
! a lesson . lesdon | - . /Q - . .

/ ‘ "a/wag__‘__l’ through - ‘- ) : : T
: . /

vc1508 _ ~

/e a common eontammg ’ ‘1 /
up to 1588 variables . Lo /

*
A

// _ Note that the student st&tus banks and co! z;‘ are swapped in and dut
of central memory in order to retain any changed made during the p proces51ng
brought into central ,mérory
but are not 'sent back since no changes are mad the lesson. ‘A lesson ‘only
has to be cop1ed into but not'out of central m y. The separation of the s

modlflable _status banks -and commons from the #nc anging ‘lessons makes it

197
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It is dangdrous to uiq iables withouf a -common- statefent or to
‘use vc-variablés-outside the “loaded by ‘the comnon (e.q., referring to
ve3 when there is a "common| atement in the lesSon). For example,
consider this sequence 4q-- ] wﬂich_hagﬂno —commdh—.statEmentc

‘s . . /
P ‘
- .. .

-

Pl "The "pahise 2" statéﬁéﬂt ca fes th;sCStqunt's
material to be swappg it to the swapping memory for two seconds while many
other students are essed. . When he 'is ‘Syapped back intol central memory,
d}1 the vc-variablg e zeroed. AS wm.matter of fact, vc735 may temporarily
take on:many diff, values during those two secdonds as different students
- are processed. . other hand, a "common 8@g" would insure that vc1t. ‘

threugh vc8gg e saved in the $wapping ‘memory and regtored after two
seconds, so th "18.34" stored in vc735 would again be available ‘to ‘be
shown (unlessj been changed by\a student'using t%g same common who -

g g the two-second wait). Similarly, because the student

variablesg v ph v150 are part of the swapped’student status bank, the
sequence | oo , . : ' '

-

-

v

vi264=3.72.
2 .
vi2e

<
~

N

show "3.72". The contents of the student variables cannot
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The fact that common variables aré shared by all students studying‘the
lesson is extremely useful but can cause difficulties if you are not careful.
Suppose you want to add hp the square roots of the absolute values of ‘vel1g1 ~
through vci1ggg: -

¥
N - ' . . .

‘A catc  totaldmp |
’ “doto ' 8sum,index<=181,1908 K ’
tota1¢=tota1+[abs(vc(lndex))] -3
show total

* r

. ' .

LY
A

This iterative calculatjon yill take longer than one "time-slice", the
computing time TUTOR gives you before interrupting your proe€ssing to
service other students. You are swapped out and will be swapped back into
central memory later to continue the computation. It might take several
time-slides to complete the computation, and in‘between your tjime-slices
other students are processed. This time-slicing mechanism insures that no
one student can monopolize the computer and deny service to others.
Suppose two students, Jack and Jill, are studying this lesson and’sharing
its common. Suppose that Jack has redched the part™of the .lesson- that ‘ *
contains the -doto- shown above. 1If,at thé same time, Jill runs through
calculations that modify vci1g1 through vc1pgg, her modifications will be
made durlng the interruptions in Jack's processing., The total that Jack .
‘calculates. will, therefore, be based on changing values and will not be
the total at a particular instant. Jack calculates a partial total; Jill
makes ' some changes; Jack continues in the =-doto- to calculate some more;
then Jill makes further changes, etc. At the end Jack has a peculiar total
made up of partial totals made at different times. Even more drastic things -
will happen if "total" is itself a common variable: Jill might do e
“total<¢=f@" right in the middle of Jack's summation!

If it is necessary to get an accurate total at a specific instaht, it ¢
is necessary to lock out Jill and other students from modifying common'until
the totaling is complete. The idea is'to set a common variable to -1 before
starting the calculation, then reset it to @ upon ¢ompletion. Whenever

/ ’/ ‘ ‘

/ : .
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modifications are to be made, you check this "lock" to see that it is g.=-
¢  before making the modification. ®The structure looks like this, with vcile
used as the lock: - : '
/ . * ‘
do  lock _ N S S
. make ' : v - , . ‘
- [modifications ’ O Catt
: do ‘unlock - ° _ , SN " ‘ .
* : - ' » ' e * . A
: . . . ! . . - . - - . .
L4 - . . .
unit  lock - | BRI e T
8chk v154<myci $§$ get present lock value - - o » _ v
vel g=-1 $$ set lock if nat already set '
branch v154,x,80k - -$$ fall through if lock was already set o a
pause . 2 $¥ wait two seconds” - T .
branch 8chk . - §s try again =~ <t .
. 8ok ' L : . . '
¢ * : v 4< ’ . T . ' . i
unit  unlock X g/ ~ , )
cale = vcig=g ' $ clear the lock - ' B

.
.

_r—-lffvs;:;; B, we set it to ~1 and make the modifications, thén reset it to g.
If vcT is =1, we superflubusly'Set it again to -1 but fall through the -branch-
to pause 2 seconds before again looking at the lock, ,in the hope that it has
“ been cleared. ' ot ‘

Note that the finish unit should. clear the lock if the student who is
modifying the common signs out before completing the modifications. ‘Otherwise,
the common will remain locked and other students will be hung up forever . >

. waiting for the lock to clear. One good way to do this is to keep track of
which terminal ("station") locked the common: replace the statement_ "8ok" .
with "8ok vc2d4=station". The system variable "station" gives an integer
which is unique to the terminal. For a student at terminal 235, "station"
has the 'value 235, whereas "station" has the value 472 for the student at '
terminal 472. -The finish unit should then contain T R
"calcs vc2=station,vci1<4=f,vc1" so that the lock is cleared only if this B '
‘station was the one which had set the lock! L -\, - 4

. * ’
® . . T .

v




The use of v15§ in unit "lock" is import3 Here is’'a different. '
version of that unit’whicP will not ‘work properly: - co _
C unit lock = ' ' o ' C s x o e .
8chk branch vc1,x 8set $$ check lock - e
. pause '2 $$ wait two seconds//f,//fﬂ~f’“*”’ . .
. branch 8chk ° $$try again

: - L 8set vel<g=1 _ : BRH set/kmﬂ{///

Suppose the lock is clear: vcl is @. Then the branch is to label "8set"
where we set. the lock (vcl<==~1) and procee to modify the common. Unfortunately,
. we might get 1nterrupted dur1ng the branch operation, in which case another
;0 student would also ~find vc1 still equal to @, set it, and proceed to modify .
- common. WHhen Ge—aet another. tlme-sulce after the interruption, we bllthely
- set vcl and proceed to thodify commén ourselves. ‘Now we have two people;
modifying  common, which is jUSt at we. were trylng to av01d! , .
. .
L _-' The version using v15@ dogs ‘not have this problem because 'TUTOR w1ll not N
irterrupt processing in the middle of ‘a series of ~calc- statements which ot
» do ‘not involve -branch- or -doto-. This makes it possible to transfer the o
. . current value of the lock ito v158 (vi5@8<a=vcl) and set the lock {(vcl1g==~1)
o , ‘without any danger of intefruption between these “two operations.” On the
" other hand,” TUTOR may inte rupt on any.-branch-, -goto-, ‘-dota-, or simi
. branching .command. The unt of the allowable time-glige” used ;so far "is
. chd®ked on these branching operations in order tor preVent 1nf1n1te loops
o sETh as "8here .branch here". This time check is performed on many.
. C OR commands, especially commands which might require a 1lot of processing
time. The only safe non-interrqptable ituation is within a non-branching
-calc-.. (In addition to 1me checkK’s, TOR also makes checks for too:mug
display material stacked p waiting to be sent, to the terminal. -TUTOR
inserts, a-catchup-commaa if necessary V - B o

<
- . .

Note thatﬂa lock is ns eded only if different students are storing s »
‘ information into the same area of common. There is no prohlem with harlng ' .'{}3 .
S different students readlng information out of the same area of common ox x T T
. * . storing information in different areas of common. - Logicgl conflicts arlse/ :
N only. in modifying the same part of common. Even in this case there 1sn6 prob]em

o in many typical cases. Inlmhe example of counting the number of students R
. in the lesson;.we simply ex cuted "vc14=vc1+1", whlch cannot ‘cause -any '

~problem because all of the od1f1qatlons a;g»completed in one non-lnterruptable

-cale~-.’ e . ‘ .

- -

 Instead of using "pause 2" to wait for the lock we could use "return"
The -return- compand has no tag. It means "return control to the cOmputer-- .
. give mé another time-slice as soon as possible after servicing: other student:".” ' .
- . A -retuxn- or -pause- can be placed just. ahead of a small amount of branching
computatlon to insure that this computation starts at the bBeginning of a . g
t}me-sllce. This insures a oderate amount ‘of non-Lhterrupted branching . -
computatlon. For example, ‘-return- at the begrnnlng of unlt "lock" would . .
W make the verslon on this pagé work properly. ‘

) N ) ) > R N ‘ - . T .
PR ] : . . . :
. » . . N N - . N
. oo . . .
“ M o N

* There may_be.changes in these interrupt rules. It is®strongly recommended

o " not to use the lock techniqués discussed above. Instead, use the‘new "

; -reserve- and -release- commands. - ' . I
: - ‘. v : - . L T ) - ] . v . . N
l: MC . . [ . - ’ 2 \) 1 . X ‘ - £

. o .
o I : : . . : - . . M . y
- . A . . ° . .
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The -storage- command

. . . . -

- ’ . '

In certain applications 15g¢ individual student variables are not

sufficient, even dSing segmented variables. It is possible to set up extra

storage of 'up 19gg variables to give a total of 1158 variables that are. s

individual, not«shared in a common.. A "storage 35g" spatement will cause

a storage block of 35@ variables to be set up in ‘the swapping memory for

each student who enters-the lesson. Like =-common-, the -storage- command is

not "executed"g . it is rather an instruction to TUTOR to set up storage i

when the student enters the lesson. Like temporary common, the storage '

variables are zeroed when the storage  is set up. > '

A ﬂtransfr- command can Be used 4o move common or storage variables St
from swappigqimedbry into the student variables or into the "vc" area. Usually,
‘hoWever, common ‘is loaded automatically into the "wc" area. If the, common is N

~ larger than 15@8@ variables, a ~comload- command must be used to specify which
part of this large common is to be swapped into and out oﬁ‘ﬁhich‘sédpion'bf
vcl through vci15@@. 1In the case of “storage-, there is no automatic swap~ . .

Ping: a *stoload- command is used- tb specify what parts of the storaye are
to be moved into what area of the "ve" variables. Here is a typical é;ample:

>common 18898 ‘ t : _ . )

\

‘stoload vci1f@1,1,75 .
/’ . :

The common will be automatically swapped in and out of VC1‘throu§h vclgpg.
The 75 Zﬁorage variables will be swapped in and out of vc1pf1 through vc1ﬂ75,\ ’ .
P : B T 1 N -

od-form to défine all these matters: .
) ' define comlong=1@@g, stlong=75" _ _ ;
/' ‘. R stbegin=ve(comlong+1) A 3 :
! " . (etc . )

/ - Common comlong
/ Storage stlong : _
’ stoloadetbegin,1,stlong ‘ T

" o

e calc ' stbegin<4=37.4 : - . ‘ 3

"While =-common~ and ~storage~ are "nﬁn-executable"-commqnds, -comload~ and

-stoload- are eXecutable, so that swapping specifications can:be changed. -
The student's current variables v1 through v15¢ are saved with other

restart information when he signs out. When he signs in the next day, these

- varidbles, therefore, have the’ values they had when he left? Storage
o _ : Vo A

>

L
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Aruitoxt provided by Eic:

variables are not saved, however. All storage-varlables are 1n1t1allzed

to zero when the‘storage blogk" is. set up upon entry.- into the lesson, as

with temporary common. If it is necessary to file away more than the standard
158 student varlables, you..could split up a common into different pieces

for individual students. ‘Fér example, if youoneed to save 288 extra
.variables for, no more than.2ﬂ students, you could spllt up a 4ﬂﬂﬂ-var1able
_.common into 28 pleces ‘each containing Zﬂﬂ varlables An alternative is
"dataset" operations, currently experimental, which' WlIl permit you to
control dlrectly the transfer of 'blocks of individual data between. the
permanent storage (magnetlc dlsks) and the swapplng memory._

y -
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This‘qhaptéf will' ert you to additional features of TUTO£ ah@'PLATO.
Little detail i's given See_appegdix A for sources of additiona1>;nformatibn.
“Other teérminal capabilities . e L . oo

. [y

X

. We have emphasized the keybdard and plasma display panel as the main-
"input and output devices used in communicating with the student. Other
devices which may be used include a Projector of color photographs, a
touch panel, a random-access -audio-playback device, and other 'specialized
input-output devices. All of these terminal-associated devices are easily
anagéd by TUTOR., . ° : Lo Pt

. . [ . . .
. - The plasma display parnel is flat and transparént, which makes it. R
possible to Project photograﬁhs,on'theback,superimp0sing celpr photographs
with plasma-panel text and line‘drawings. There exists a microfiche pro--
jector for the PLATO terminal which will project any of 256 color photos, .
¢ with fractional-second access time to any of fhese 256 -pictures. . (A
" "mierofiche" is a sheet of'film.carrying'many tiny pictures.) “Microfiches .

can be made from a set of ordindry 35~-mm slides.,* Students or teachers .can
inseit the appropriate microfiche in the terminal for- the subject to be
‘studied: ' The -slide- command ‘selects any of the 256 photos:  *"slide 173" "
.Will project the 173rd photo. Additional options on the ~slide~ command
permit the independent control of a shutter in’'the Projector. S

¢ e . i

The £09ch ranel is a device which puts a grid of 16 vertical and 16
hotrizontal infrared light pgam§ just'in_front of the plasma panel. When a.
,stuaeht'points at the panel, he breaks‘ a horizontal and vertical beam. * The
information  as to which beams'were broken is sent to the ¢omputer as.a

’ . - ‘
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"key", and.the lesson can use this information to move a cursor, chaose
a topic pointed at,’ etc. The system variable "key" contains the information:

unit . .getkey : . . o

next = getkey . N . e -
enable ) X . : o e , )
pause ' . ,

‘goto Lkey $ars$ 8), X, keyset touch eXtin,x - . .

write  Mupossiblel o

.unit = keyset : o

write You pressed a key '
* _dn the keyboard. . )

* ' .

unit thuch . - R N

calc xk=(key. $ars$ 4) $mask$ 017 ' ‘ :

: " y4=(key. $Smask$ o017}

write  Youtouched location ) SR
. x= s, P> y= qs'yP.: ) i : )
* .. . . <
unit tin . 5 - " : N b
write. fﬁe external in ut o . :
" e was s, key smagks 0377 , ' o L,
The ~enable~ command permlts touch’ inputs as well as 1nput$ from “any deV1ce ' .

connected to the external input connector at the back of. the PLATQQtermlnal
(The externaﬁﬂlnput device might be/a temperature sensor, an. analog-to-digltal
converter, atc.) Withput an -enabﬂe- command these inputs are ignored. A

, ~disable~ command will also.cause %nputs to be lgnored fhe system variable

~ "key" ‘contaiffs a 1ﬂ—bf@k1nteger (see bit manipulations in chapter IX): the
most significant o lpft~most two bits identify the source of the key (g . “
for keyset, 1-for touch panel, 2 for external . .input), and.the least significant
or right-most eight bits contain the -actual data (which keyset button, which -~
touch panel beamg, what &xternal data). In the case of the touch panel, :the
eight data bits ontaln four bits tf X and; four bits of y to spec1 y a position.

If an ~enablét command is p
can be accepted. There j& a ~to
screen location and ( pt onally) alspatlal .toleyance: |
"touch locatlon,tolerance he\—or—commanEX&s partlcularly useful here:

ced 3dst after an -arrow-, touch nputia
2% Judglng command wboce tag specifies

- ~
.

- ’

, R
“ . - -
. . _ ~ﬂ oo e .
- ny Lo . N .
A . i . . &
. -
.

e ~ touch . 1215. Vo . 4
X , .
answer book \ - L o
* . write  Yes, "libro" means book. O B N
r - .t : .
| - |

’
v




-will be the same for all judging commands linked by -or-.)

" in the data‘file.; The area summary inclu@les student name, area name, amount

L . m-3 : .4
L Q". . . .7 ' o, 'q .
The stﬁdenp'will get the same message whether he types "book" or points at _
a picture of a book displayed at location 1215. (The =-or- command can be .
used.to make synonomous any judging commands: The -system variable "ansgit" o

4
_ . . “
. There is a random-access audio .device which stores twenty minutes of
speech, music, or other sounds. Segments as short as one-third second.can .
be accessed in a fraction of a second, no matter where the segment is Jpcated ¢
on the twenty-minute magnetic disk. As with microfiche, ‘students can changg '
the disks themselves. There is a ~play- command to choose a section of the

disk to play music or talk to the student. .

Other devices can be connected to the external output connector at the .
back of the PLATO terminal and controlled with\ the -ext- command. The -ext-
command can send up to sixty 16-bit quantities per second to a device. Among
‘the interesting dévices using this capability is a "musi¢ Box" that plays
four-part harmony! = R ) .o

3
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Student response data

- “ . wd

A crucial aspect of TUTOR on the PLATO system-is that student response
data can be collected easily to aid authors in improving lessons. Detailed
information can be collected: unanticipated “"wrong" responses (which may
have been correct but inadequately judged), réquests for help, words .
not found in a -vodabs-, etc. Summary information can ‘also be collected:
amount of time spent in an’ area of a lesson; number of errors made, number
of help requests, etc. These detailed and summary data provide an objective . )
basis for revising lessons. : A\ - : e '

- - . .
N - . ¢

A -dataon- command in a lesson turns on the automatic data collection
machinery. Students registered in courses with assogiated response data
files will have their responses logged in their data files. When registering
students in a course, specific data pollectidn'bptigns can be c¢hosen. For
example, one might collect only responses judged "no" (unanticipated incorrect - .
responses). Anticipated correct responses (judged "ok") and anticipated . o
incorrect responses (judged "wrong") would not bhe logged. This is often
done because the anticipated responses are\brecisely those* for which the i .
lesson is already replying in a detailedy apprdpriate manner to the student.
Here we see the difference between judge "no" (unanticipated) and judge .
"wrong" (anticipated). In this connection, -wrong-, -wyxoNgv-, and ~-wrongu-

~make a "wrong" judgment, whereas the =no- command makes o" judgment,

A4

. The -area- command is used to sub&ivide»a lesson into séctions, each-

of which will produce an area summary in the dgta file. Each time the student
- . B - ; . P N
encounters another ~area- command, a summary of the previous area is placed '

of time ;spent in the area, number of =arrow-s, number of ok/wrong/no responses,
number of helps requested and found, etc. These summary. data make possible

-
- ° R . ‘

& statistical treatment of lesson data which can pippoint wégk,areas;
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The ~output- and -outputl=- commands ﬁermit you to write your own
- information and messages into the datafile. This supplements the automatic
data logglng invoked w1th -dataon- and -area-. L

Pl

While LATO prov1des a standard mechanism for looklng through data flles

yourself For example, the -reada- command will read area
and the ~readl- command will read =outputl- information.

A lessoﬁ'can be designated to be a "router" which routes students through

the many lessons.making up a complete courée. A router is associated with

a course. Students registered in a course which uses a router will upon
sign-in be sent first to the router, not to the lesson specified by the restart
information. A typical router might ask the student, "Do you want to resume
. studying the lesson you last worked on?YDIf the student'says yes, the =
router executes a "jumpout resume", which means "jumpout" of this lesson

into the lesson mentioned in the tag, with "resume" having the special meaning
"resume at the restart point™. 1If the student.says he does not want to
resume, the router might offer the student an index of available lessons.
Suppose the student chooses a lesson on the list whose name is "espnum".

Then the router does a "jumpout espnum" to take the ‘student to that lesson.
(The -Jumpesz command can be conditional. ) Upon completion of

lesson "esphum" . (by "end - lesson") the student is brought back into the
rQuteI'* The router might then ask the student what he wants to do next, or
the router mlght immediately take the student to-an approprlate lesson.

. Generally speaklng, ~jumpout- commands should be placed only 1n routers,
not in instructional lessons. Following this practice insures that lessons
can be plugged into routers on a modular basis. An exceptioh existg in the
case where one 1nstruct10na1 package is spread over two or three physical

1 lessons, in which case -jumpout- is used to connect them together.

A router can use up to fifty "router variables" (vr1 through vrsg) whlch
are not affected by the instructional lessons. These" .can be used to keep °
track of which lessons have ‘been completed,. how many times they have been
reviewed, how much time was spent in each-lesson, etc..
u ) 4

Instructor mode

.
— : R . . . » ~

Authors write and test lessons, and students study lessons. Instructors
: ) choose lessons from the library of availablevlessqﬂs\to make- up a course for
v their students.: Instructors also register studepts, monitor their progress,
leave wessages for-the class or for individual s dents, etc. There is an
"instructor mode" which makes it easy for instructoxs to do these things
without know1ng the TUTOR language. The instructor mode ls\b\sed on a router ,
¥ together with a mechanism .for sett1ng up a roster of student The options
available through this router are sufficiently flexible to make\xt unnecessary
in most cases to write speclallzed routers, . N

1

-»

* If the lesson executed a =score- command, the router can use the correSpondlng
o value of system varlable "lscore" to help decide how to route ‘the student,

--. | .‘v 2\)] i \\‘\yl".;. . L
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Special "termg" . - " : o ‘) -

. Authors have a number of specjal "terms"- to help them in curriculum |
déﬁelopment. If you press TERM and type "step", you can step through your
lesson oné command at a time. (A continued -calc- counts as one command.} . i
This is enormously helpful in tracking down logical errors in a lesson. Aft #
each step, you can check the present value of student variables. At present |,
yow cannot step during the judging state. The judging state is completed CL
and a switch made to the regular state before the ‘step mode ‘resumes.* There /. .- L
is also a -step- command which will throw the lesson into- the step mode. S
The step features are operative only for “authors testing their own lessons. | B

. -
- ~

¢ . i

TERM~curser provides you with''a cursor which you can move around the ’ e
gscreen using the "arrow" keys. Press £ for fine grid or g for gross (coarsd) - . o
grid. Also press f or g to update the display of the current cursor locatién.,
This facility is useful for deciding what changes to make in the positioning'l% B,
of displays on’ the screen. I ' .. ‘ . : f‘ o
' §

TERM~-consult notifies PLATO consultants of your request for help. When
a consultant become available, he or she will talk to you by typiqg‘at*the'g
bottom of your-—screen. ’ The consultant has on his 'sgreen the same display
you have on your screen. It is+as though the consultant were looking over
your shoulder as you demonstrate the problem. You can talk to the consultant -
by typing sentences:at -arrow-s or by hitting TERM and typing. (If you press
NEXT,' your sentence will be taken as a -tg;m— to look for in the lesson. You '
can use ERASE to erase the line angd type Something else.) The consultants S
not only know TUTOR well but have a great deal of experience in helping authors.

TERM~-talk asks you for the name of the person you want to talk'téz then
pages that person if the persons is” presently working at a PLATO terminal. The .
person called actept: the call by hitting TERM and typing “talk". The two.
of you can then talk to each other at the bottom of- the screen, but neither
of you can see what is on the rest of the other person's screen. If,you want.
the other person to see all of your screen; press shift-LAB, which puts you
into a mode similar to TERM-consult. . .

TERM~-calc provides a convenientone-line desk calculator at the bottom -
of the screen. Authors get normal, octal, and-alphanumeric results. To

avoid confusion, students who use TERM-calc are not shown the' octal and
alphanumeric displays. . B : oo .

'

d ‘ . ’ o K ) . T BRY

* This regfriction bhas been removed. You.can now step tfirough judging commands. *

\ 208 -
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th\ t may have opcurred since the publlcatlon of this- book! The puhlication'

i ,Apbendixfa

‘ _ K Where’to get further information

< Je .

The document "Summary of. TUTOR Commands and System Varlables" by
Elaine Avner -lists each TUTOR command and gives the basic form of the. tag,

- .and, notesg any restrictions such as maxlmum number of .arguments or maximum
*.length of names. Lesson."aids" available on PLATO provides detailed inter-
~ active descriptions of each command, as well as a wealth of other 1nformatlon

useful to authors. : . ) S .

. »

\
.

YOu can write notes to as questions or to suggest new features that would

be helpful in wyour work. You can. read notes written by other users, including. -
replies. to your notes. R lies from consultantg to programming questions -
generalgz/appear within one day.. ‘ (For faster service, use TERM-consult.) -t
An extremely important sect‘on of | "notes;ﬁls e list of announcements of

new TUTOR fedtures, Check thls seétlon regularly for announcements of new
TUTQOR capab;iltles. The announcements are fo lowed within a few days by
deta11ed descr;ptlons in “alds" 5 ' '

% ‘\ - . . . . . N !nb;’-."';".'i‘ : - )

Sometimes " otes“ will a&pounce a change in the. TUTOR language 1nvolving S

an automatic conversion of ekisting lessong. For example, there used to be
.several dlfferent commands (line, llner,

1gure, and" figuref) for doing' what °
-draw- now does. When -draw- Was impleme ted, a{ioexlsﬁlng PLATO lessons.
were run through an automatic coﬁvers10 routlne change the o0ld commands.
into appropriate ~draw- commands.s It ig ‘probable that othe such refin Ments

will be made -in the future. Therefore,,be sure to
[

- M 0

READ NOTES AND AIDS FOR CHANGES N

A

dateé on the title page of this book tells ysti where ¢o looking in the -
chronologlcal listing of new features malntalned in ' otes" \»

. capabilities will probably be added to\TUTOR. There is

l./l 14 ' [ )

It was indicated in this book that additional Judying anéw‘raphlcs

to broaden greatly the handling of arrays in calculations t
manipulations. Look for -such things in "notes" and "aids". ™ \

b
-~

. N

Lesson "notes" on PpATO prov1des a forum for discussing user problems. o

o Work in proq es ‘
include matrix S\?\\\v

-8y




rotateé. "
" moMe

origin

axes

bounds
frame
.scalex
scaley
® lgcalex
lscaley
labelx
' labely/-
markx |
marky
locaty
- .graph,

-

A

Calculatiochs

Sequencing S udent.ResEonses ’
, : e
calc unit aryow,endarrow pauz) -
calca entry lo i catéhu
calcs - ‘néxtnpw jk time
define " nekt,nexit1 .’ copy,edit “step ¢
do. back,back1® force keytype
exit help,/help1 group
_doto dagajdatal  amswer,wrong R
goto »Jabt - 1i - inhibit
. branch term| ° conrjcept enable
transfr ; ° base .vocglabs,vocab disabl&
zero // end angv,wrongv AP
" A restgrt ang, wrongu dataon '
randu - . exdct,exactc area \
setperm touch - - output
randp ok,jo,ignore outputl
remove ..ans : ‘reada
. modperm match N g readl °
. specs " )
pack or
move h
'search stgrea .
compute dtgren- \
. itoa store /
clock storeuv/ o
name S ! '
course Jjudge -
date join
day. \ 5
find = ! bump ’
findall put,putd,putv
) loada
common e
comload 6kword?n¢word
storage . :
stoload

retyrn




abort
add1 -
allow
altfont
ansva
backgnd
change
'~ chartst
close

dataop
datalop
delay

elpop

iFerror
"k top
labop
labiop
open
press
readr
‘readset
' release
. record

route
routvar
score
sub1
tabset
use

’

dataoff

ndings
-foregnd’

elpop1:
iarrow\

reserve -

: Jiike -helpap-

‘relea

- set up tabs for'TAB key - ' -

rt normal updating of common or student record ) \Q'

d one to a variable

uie alternate font for all writirg

e iracter string match té student response -

n lesson at lower priority . .
change command names (e.g., to French or Russian)
check whdther charset already loaded .
1l ke -loada~ but takes one character per variable )
tutn off student respohse, data collection
like -helpop—
like. -helpop-
timed blank output for preclse display. tlmlng
sp‘clfy word endings for -vocabs- S
run lesson at nogmal (non-background) prlority B
provide help on the page G T . .
likke -helpop- o

e

. € .

=‘l§k '-imain- but associated w1th -arrow= '

spe 1fy upit to go to if -calc~ error
likd -back® but fér the STOP key
like -helpop- . ‘

like -storea- but stores one character per varlable
‘pPresses a key for the student : "
read student record for data’ process1ng
specif a data file for -reada- and -readl-

éx a reserved common _ \
record a message on audio device | .
reserve or lock a common"
speclfy router units for end of 1nstruct1ona1 lessons
set up router variables . PO :

- set a lesson score to be used by a router
- subtract one from a variable ¢ .

.

use ions of another'lesson to prepare this lessonA

<
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’ ¢ _ Appendix C
List of built-in -calc- functions
sin(x) sine .
- cog (X) cosine /
arctan (x) arctangent °

. Angles are measured 1n radians. For example,

radians, bu

) means sine of 45
The degred

S
ine (45°) means sine of 45 degreef (B.797). :
converts to radians. Similarly arctan(ﬂ) is .785 radlans,

PO

W

”'w1th1n 1ﬂ'

The operators anvolV1ng equallty (=, #,
equal if they differ by less than one part in-t1gll
by an absolute difference of 18~9.
of zero are considered equal.
. round their arguments by 18~9 so that int (3. 999999999) 4
' frac (3.999999999) is g, not 1,

is usually due to roundoff errors:made, by ‘the computer in_
‘calculate a result of 4.

sign (MICRO~
3 which can erted to degrees by dividing by 1°, the number of
“Jradians in‘\Qne delgree; arctan(1)/1° is 45, Using the degree sign after
a~number is e.xlval-nt to’ multlplyzng the number Ey (2n/36ﬂ) T (MICRO-
P) . 3.14159.... Co
" sgrt (x) square root; can also be\wrltten xV2 or x*3 o
" log (x) logarithm, base 18, . ‘ . . .
An(x) natural logarithm, base e . T
exp(x) eX . ' o L RN
abs(x) absolute Valﬁe, abé(-7) is 7 .
.round (x) round to nearest integer; round (8. 6) 1s 9 . 7
int (x) integer part; int(8.6) is 8 - - S -
frac?x)\‘ fractional part; frac(s.e) #s p. 6 T
=,#,<,>,%,2_ produce log1ca1 values (true~-1 false—ﬂ)
not (x) *lnverts logical values (true<>false) = -
‘X $and$ y true if Both x and y are true- ’
"X $or$ y ¢ true if eather x or y is trﬁe (or both)
X $cls$ y circular left 'shift x by }-b't positions —
% Sars$ y - arithmetic right’ sh;ft X by y| bit p031t10ns ’ ‘ o ;;_ P
X $mask$ y sets bits where both x .and 'y have bits set e :
X $union$ y sets bits where. either X‘Qr y \has bits set {or both) ST
x $Qiff$'y sets bits where:x and y differ| (exclusive union) T
) bltbnt x) counts bits- : o

< and 2) con51der\t@p quantities to«be
(relati$e-tolerance) or |
One conséquence is that’ ailxnumbers \

. Similarly, "1nt" and "frac RN
4 not .3, and ‘\
% 3.9999999!
tteémpting to N\

greater than (>) operators, d?\ o ~J

This is done because a v&i

The less than (<) and

rot make these roundoﬁf compensations. : -« I -

t
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' System Variables
*DISCUSSED IN NOT DISCUSSED IN
THIS BOOK ° THIS BOOK
ansent " _baseu _aarea -
args capital aarows
clock - dataon ahelp
formok . entire ahelpn .
¢ jcount ' error aok
key errtype - aokist
opent extra ), aéno
spell . judged . aterm
s station ‘ , ldohie " atermn
varcnt = " lscore atime
vocab 4 mainu auno
where 0 mode
wherex - “.\ ' nhelpop g
wherey - ntries AN
- . i order ’ '
- phrase
L size
. & ‘él\t R 1 o user
i wcount
Q”_ " zreturn
. : . - R N
The third column consists of counters assofiated wi
"~ ,—area- command. X L ‘ ﬂ
_ i
Cow, . i
A5 .
2 t
.L' -
’ 14 -
o, )
-‘ "- )’ } L
. v, b:
[y o
- i
. )
.
¢
o | R
‘ X .
2.4

L gt




-abort~ Appendix B - Lo
accent marks I-5 .
.ACCESS key VIII-&; VIII-B
~active lesson X-2 .
. =add1- Appendix B’ ¢ :
algebraic and numerical Judaing VII-25
algebraic VII-27 . . .
judging equations VII-30
. warning about (1/2x) VII-3%, VIl; 32
with scientific units VII-31 . ,
-warning about, (3+6cm) with
-storeu- VIE-33
-allow- Appendix B
. - alphanunier'ic’ information :
* -storea- ‘VII-8,VII-9 EREY
-showa- IV-9, HER
10 characters per variable VII»B,
. VII~50,VI1-55,1X-16"
diffegence from numeric VII-9, VII 10,
IX ’
" alphanumeric. to numeric convers1on
1X-25,1X-28
" alternate font VIII-5 - "
unaffected by -s1ze--and -rotate-
VIII-7 -
o using -char- and -plot- VIfI-22-
-altfont- -Appendix B
and ($and$) logical operator VI 4
Anderson, B. following I-2
an1mations 11-3
‘use of iterative -do- IV-7
smooth anlmations VIII 7
-ans- VII-48.
anscnt system variablé VII-17
/ \geroed when Judg1ng starts and by

specs~ VII-17-
_zeroed by judge reJudge VII-21
“not changed for synonomous

.-concept-s VII-19
cursor moying VII-22
-+ . with -or- XI-3
-apsu~ VI1-31,WI-33
warning about\(3+6cm) w1th -storeu-'
vVi1-33 ..
-ansv- VII-25
-wrongv- VII-25 > '
in arithmetic: dr1lT\VII -26

'. . ._/\ -

with opcnt VII-26

N

. "specs noops,novars VII-26.
concept/vocabs similar to .
ansv/define VII-27 .
algebraic- judging VI1-27 R
warning about (1/2x)-VII-31
-affected by -bump-, -put-, and )
. Judge rejudge IX-25
-ansva- Apperidix B

-answer- I-9
' markup of errors 1n student response
1-9

‘with numbers VII-10 . »

Timitatigns VII-1
notoler, nodiff VII-11

\ ]

PR

0
X

o
¢
&::jv ..
: L e

>

»

. specs VII- n (also see -specs-) .

«

£

no caps in ‘tag.with specs b hif
VI ° Hmes it

ng. punctuation marks in tag VII-12
Q/’iyunctuation ignored 1in.student
response VII-34
with ~1ist- VII-13,VII-14
-answer« useful 1in limited context
Vil-1a
see -concept- VII-14 .
1nteraction with -concept- VII- 17
with _negation VII-24 =~
with blank tagwIiI-25 = °

° ~exact- compared with -answer- VII-34 .

no conditional’ -answer- VII-37
using -put- to find pieces
of words VII-52 ,

-area- XI~3 oA

args system variable IV-11
argyments -
‘ passing argumcnts to TUTOR
commands IV-9' . .
passing arguments to . ’
. subroutines IN-10.
. args system’ variable Iv- n .
warning to use different variables
. in:different Subroutines IV 12
omitted arguments IV-11
- order’'of passing ﬁil
.,,lpassing arguments {
. conditional -do- V1-2
,passing .arguments in —guto- VI- 13
can be. ¢ gmplic ted.,
. . expresstions V-8, IV~11

"~ _arc of a circle 11-2 -

arithmetic drill- VI1-26./

- farithmétic right sHift Sarss %-20

and | negative numbers rx—zs

“arrays IX=3: -

s with . sﬁoreu— dimensionality VIE- 32

warning about defining

" v, hy Ve, on nc IX-4,IX-5
tWo»dimensional array. 1x~5
in common X-2

 -arrow- 1-9,VII-1

multiple ~arrow-s in a_
unit I-13;ViI-4 .

. ’
F .
N . .
. .
- ;o © ‘ L &
. - . R

" displays anrowhead ‘on.-

>

screen 1-9,VI

1-37°

Anhibit arrow VII-22
location in unit. remembered
VII-1,VII-37
: restarting at -arrow- for each
- response VII- -2,VI1-37"
satisfy all “arrow-s -befare leaving
main unit VII-2,VII-37 < e
search for additional
-arrow-s VII-2,VI1-4,VII-37
rgoto- skipped 11-42 '
delimits preced

-arrow- VII-4 VII-37

-/ .




changes search state to regular

state VII-4,VII-37 -
sets default’ long VII-8 ‘
summary, of processing stages VII- 37

interactions with other. RO
commands, VII-44 S , ) 6
sets default long. Jkey,- L
copy VII-45’ A

rules for attaching units containing -

.. =arrow- VII-5,VII-43

merely collect respbnse VII-57

sets left margin VIII-1. . T

with response erasing VIII-15 .

-enable~ for touch “input XI-2 ¢
assignment of values in a -calc- 1V-3
" - multiple assignments IV-4

1mp)1c1t1y defined IX-2 .

in -store-/-compute- IX«38 ‘ 5,

specs okassign IX-28 .
assignment symbol IV-4,IX-28
-asterisk for comments .I- .
attached unit JII-1 V 6, VI 9 .

by ~do~ FII-1 . o

by -goto- VI-8 ) . 3

. !

>

attempts (counting.student
attempts).VII-20"

audio devicesXI-3"~ o
automated display generation Ilzg
dutomatic response-associated.

erasing VIII-16 .-

automatic scaling with ’

graphing commands VIII-8 . )

auxiliary unit (see attached unit)ﬁ . o

Avner, 'E. Appendix A
-at- 1-8,I1-1
default -at- after response VII 2
- . one.or two arguments I1-1,1v-9,1v- ll
sets ‘Jeft margin VIlI-1
where system.variable VIII 2 g
wherex and wherey system v ‘ ‘
variables VIII-3 - o <
comparison with -origin- VIII 13 -8
-dxes~ VIII-9 " ’
_. (a1so0 see -bounds- VIII-10)

-back- I-11,I-127 o
_=backl- V- 10 S - .
“-backgnd- Appendix B s ‘ o "
BACK and BACK1 return from .

help sequence V-5 ; o ot e

. backspace I-4,VIII-4 :
-base- V-5 ) .
base pointer and base unit V-5 _

q or blanhk to clear V-5

~

base-un%t 1- 12 V-5

. " X is not the

. -calcs- VI-7.

: -4 :
e ; { R

bagic TUTOR/I- 7 ‘

binary notation IX-13,IX-19 . L,

bit manipylation IX=13 ? v
$cis$ tircular left shift Ix-18, ,
IX-20
$ars$ arithmetic right shift IX-20
“ and negative' numbers IX- 23 R
$mask$ IX-20 | .
constructing masks {n octal IX-21
u$union$ IX-23 .
’$d1ff$ ix-23, S ' .
bttent function IX-23 = - , ’

‘byte manipulation IX-24 R
bitcnt fuﬂctionsIX 23 o s

'=bounds- VI11-10 - ’ o ' . .
. -<branch- IX-10 - T

.(also see -goto~ VI-7, -doto- IX-12)
statement labels IX-10

. scalc or non=calc_type IX- 1
branch q IX-11° .
- must not have.duplicate labels IX-11. :
@S . cannot branch past -entry- IX-11" : R
% »speed advan compared o '
© with -gatoa IX- 12 ‘ S

brapching V-1 \ : : : o

v ‘conditional VI-1 S

broken or dashed circle —circTeb- II- 2 )
=bump» vII-21 »VII-49 : c
combinations of -put- . Yo

packing data IX-20 - ' . ’
octal nymbers IX-21. Ch ‘\‘5§~$J_H
complementing bits IX-22 - B

.5 withirn a unit, see -branch- IX-10 - = - °

and -bump- VIL=§2 = - D

with shift characters VII-52 . ., “
affects -store-7/3ansv- 1X-25 ,’3'1 '
bumpshift specs opf?on I-10,VII-N

- byte manipulation 1X-24 S
(also'see bit man1pulation) e

-calc-a%x—a.lx-l L
conditional -calc- ’
(-calcc- and ;calcs-) VI-Z .
fall- through : _ 3
. option VI-7 v « -
summary, IX-1, . . ) v
' statement label equ1valent
to -calc-'IX-10 e
.- with integer variables IX 17
~calcc- VI-7
seé -calc-

calcglations Iv-1 d'l . ins VIl
carriage return eft maggins
-catchup+ I1-7 an %

© automatic X- 10 N
central memory X-3‘ : \ )

see -calc-; _ } 5_535
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. character set VIII-5

tircle- I1-2 .. &7 [P

- clock system vaniable VII-56. o N
-close- Appendix B. - R
coarse grid I-8, I! 1 . N e
command I-7 £ "

list of commapds Appendix B . Lo
comments (* I-12, $ 11-3) 4 T ‘/a
-comload- X-6,X- 11 \ L
-common~ X-1 . o [
,temporary\common X-1 “ P
uses of temporary col mon X-2 R

" common variab]es X-1

»-.-change-’ APpendix B S

character grid - .
“coarse -8 e
“fine II-1 Cs ya .

character strings VII-83 < :

. see ~-bump-%and -put- fOr student T
character stirings , / -
see -pack-, -move-, and ~search-
for othér strings

-circleb- I11-2 - . e
circular left shift $c1s$ IX- 18, IXr20
-clock- command’ ViIs&e

-common-"not. executed' ¥-2
permanent comgon X-3 ' ‘

© splitting afiong ma y ctudents X 12
and the swapping process‘X-6 . - L
locking common X-8

(aiso ‘ee ~commion- ) ;'
_compile IX-25 'ﬁi L
‘complementing bits IX-22

- -computer IX-25 {see -itoa- IX- 28)

conditidhal commands VI-1 )
conditiom can be comp]icated
* expression VI-2
~ condition roundéd to(nearest
' integer VI-2 . e 0
with Tlogical expressions VI 3 Lo
more precise due to rounding VI~ 3
consult speciak term XI-5
‘continued -write- statepent V[}I_]

/
!

.’. to. ’. : : AA ﬁ" 7-_ . B

single-quote marks ( dog )
VII-54,1X-197 .
double quote’marks (”dog") S
VI1-58,IX-18 - . S -
6-bit charécter cdd@s IX-]G ‘ '
and =calc= IX-17 &+ 4
and ~computg-~ IX- 25 - Ce
characters . -
' character grid / i .
(coarse 1-8, fine II 1) ST .
.- character size (8*16).11-8 N
10 per“varfable VII-9,IX-16 ’ -
special characters. VIII-4 e .
~char- VIII-22 - = . :
-charset- VIII-5,VIII-6,ViII- 7 VIII -8 ,
-chartst-. Appendix B G Cr/ o
charts (see.graphing cbmmands) o e,
Cheshire cat.III-2 . *df “ten ) .
© Chinese characters with.-rdray-. vxrx-12 T

, convers1ons : - -

w

© ~coursex VII-56 -

- between octal and decima] IX 22
~between alphanumeric and - v
‘numeric IX-25,IX-28 - -~ | LT

- course registration VIII 21 o T e
~concept~ VII-15 (see. -vocdbs- VII- 15) : ‘
with numbers VII=16 "
synonyms VII-16 ..

‘ \markup of student response VII 16
missing words VII-16 )
anspe]]ings VII-16 SN

specs okxvocabVII-16 . Y,

interaction with' -answer— E S

~=wrong- VII- 17 L e ;o

“with: Judge wrong’ VII-JQ “' _ R ”/--A

synonomous -conceptss YIT-19 - - // E

.-, -anscnt unchanged VII-19

. With negation VII-24 . -
concept/vocabs similar to . o ﬁ

. ansv/define VII-27’ s =

-copy- VII-45,1-5 :

. copy key d1sab1ed by -arrow- VII-45
copy” compared with edit VII-45 - r

“cursor moving routine VII-21.. e

Cyri]lic_characters VIII-S

with -match- VII-24
with',~keytype- VII-58 .-
Cursor special term:XI-5 « -
Curtin, C. following I-2 .

o a

[P

dashed or broken circle (- circ]eb-) 11-20 7 -
data from~student xesponses XI-3° . .
-data- V-10° . v i '
-datal- V10

«dataoff-. Appendix B

~dataon- XI-3 =

data bases X-3,X- 12

data files XI-3. : J

dataset operations X- 12

-date- VII-56 . -* \\<‘-,- R O
Davis, c. I-1 N o -

- ~day- VII-56

debugging. facilitated by -do- M11-2 -

decimal and octal conversions I¥-22 - -

-defihe= IV-4,1X-2,1X-27,IX-28 -~ °
usen-def1ne-, avoid pr1m1t1ves V-5 _
-défine- must precede

- related -calc- IV-4
explicit multiplication-
requited IV-5,1X-27,1X-28

. overr1d1ngusystem variab1e
definitions IV-1t,1x-27,1%-28

T

. student define’set VII- 7,V1I-26, o .

IX-25,1X-27,1X-28 AR
with algebraic Judging VIiI-27
with scientific units VII-32
with indexed variables IX-5 .
in grafit IX-27 . .. ‘ SR

-

R

.
L )




&

~

" def1ning fd\Ekions IX- 2'" T~ 5;. ITII_,

warn1ng about
.defining v, n, vc, or e 1x- 4, IX 5\\
' defining arrays I%- S
efin1ng segmented varlables IX 6 - )
-delay--Appendix B ' . -
~delta- VII1-1Q- e : a
. desk caleulator VII~6 e o
3 dialog = > "
{with -concept~ and -vgcabs ) VII 14

- dICﬁionqry usipg -term- L ‘*\;\éng? . badded ishow commarids' in.: -
. ',//" [ e’}(r]te- Statement IV-Q" o ] \

$difFS IX-23 . - V!

ndimensionality of scientific T o

-units in -storeu~ VII-3] C e N
‘~disable- .XI-2. s .
- disk permarient stdrage X-S,X 12. . ;

= =dos IIT-1 (also see -doto- IX- 12) S

iterative 1V-6 . )
compared with. - o
coniditional, -goto~ VI- 12
+ caution: about slowness of -
.segmented’ variables IX 10
‘conditidnal VI-1 « |
cqnditional iterative’-do- VI 13
$pecial meaning of q and x VI- 13
~‘undo wheém -unit- comﬁand e
encountered yI-10

do q-like g o g Wr-11"
“1like -join-," t. reguTar
only VII-3, VII- -

skipped during judging; and o h

search VII-3 o <

do -ing -arrow-5 VII-5 . = - o

_text-insertion pature Vil - o, .
.-goto; causes - -

, -exception VI-10, VII- 40

- judging, command '

i

_prevents un-do-ing VII-37,V1I-40 .

do level ‘saved at -arrow- VII-44
nested -do<s IX-5.
- -exit- from -do-s IX- 29
dollar-signs for comments II.3

-dot- VIII-2 S ey
~doto-- IX-12 " , S
~~relation ‘to branch q, TX-13 A
- dots. on screen. I1- -1, ;
~dot-"VIII-22 ;

display streen I 2 "} B
displays II+1

. -automated display generation II 9
-draw- coarse grid I-8,fine grid II-2

¢

automated display'generation I1-9 . /

éxample with - .
ccomplicated expressions IV 8 -
from current position VIII-3, VIII N
skip option VIII-10, ,
. updating of where, -
" . wherex, wherey VIII-10
rge number of points VIII-11

compyrison with -gdraw- VILI-12 °

- .comparison with -rdraw- VIII 12
. sae -window- VIII-14 .

T -exac Vﬁg-34 : e

Y

‘“7‘ vo _bulahy VII~35 VII 36 VIII 19 ‘

Jqdit- VII-45 1 4 I; - VAV S
L edit compared with copy- VII-45 v

, |- s for -show-, a for -showa~
[ t for -showt-, e for -showe-
and z for -showz-' BV 9

] 4, -yritec- VI 6
- =enable-XI42—- . — K

-end- I- -4,v 5,VII1-21 \ e
- i nored fn non- help sequence“V-S
Tesson”) 1-36,X

\ o .. N
::‘\S\ndarrow- 1-13,1-14, vu-4 Vn 5.

delimjts’ pr?;eding RN

arrow- I-13 VII-5,VII 37

\34 chakges search state -. i

ular.state- VII-5 VII 43
- _between ~arrow-s® VII-&
”fat end o .uh1t VII-5 N

-entry- VI- 12 (aI see -unit- )
"% use in vocabular dr111 VIJIPZO

'%equa11ty rounding

'in lpgical expressions VI- 4,IX-3.

' equations ih algebraic: Judging VII 30
. -erase- [I-4,11-8

. automatic full- screen eraSe

for ‘new main unit I- 12,1 ,V-2
inhibit erase VII-46,VIII 9
explfeit -erase- VIII 2]

:fErase mode ‘11-7 =~

used in erasing responses VIII- 16

B “-eraseu- VIII- 18

erasing student responses VIII 15

handiés” punctuation

mrks VIE-12,VI1- 34/

-“ignoring bIank résponses VII- 49 A
compare with-blank -answer- VII- 25

v "-exactc- VII-35 (conditional -exact-)

in.a vocabulary drill VII-35 .
exclusive union (see $diff$ Ix- 23)
-exit- ‘1X-29

.exponential show command ~-showe- IV-9
‘exponents in%floating point. .

numbers IX4¥5
expressionsl“ thematical) IV-1
~ usable evirywhere IV-8
. Togical é¥pressians VI-
- mixing, logical and )
: numeq:cal expressions VI-4 e
student gxPreSsions VII-6,VII- 7.

t”’i

Y
g

v» .

A
B Y5

Py
=g

¢




* " unaffected by -sijze- and e,
-rotate- VIII-7 o Yo

“functfion keys 1-4 ,
functjons IV:5, X2, »Appendix C "

-

~exts XI-3 S .

external input XI-2 .
external output XL~3 e

o

false (1n logical expressions) VI 3 . :
-find- IX-28 (also see -search- 11-54).
-findall+ IX-29y - e
fine grid-II-1

-finish- X-2,X-

flags usings s gment;f/;ar1qbleé IX-9

floating- po1ntgnumbe s 1X<15,1X-23 .
font 1-6,VIII -,
. force font VI11-6

using -char- and -plot- VLII 22

<’-force- VII-8

force long VII-8 *
force font VIII-p .
-foregnd- Appendix S
formo syktem variable
;-.V11427.VII-33,Ij-26

e- VIII-10 - o
-funct- VIII-10 (also see IX-26)

arguments IV-5,VI1-6
ns1on ] arguments

precedence over buT1t \n :

funct1ons 1X-27,1X-28 -
integer part) IX- 3, IX\WT ‘

. s1n sineg Iv-1

_sqrt (square root) IV-8

modulo IX-3-

‘bitent (bit count) Tt-23 -\~
plotttng functions IX-26- = .

J. I-1

Ghesquiere.
?d aw-. VII

Hres sea anch- IX-10, -doto- IX- 12\ '
m11d form of -jump- VI-7 ‘

* does not change main unit VI-8
relation to -do- VI-8,VI-10
exception to text- 1nsert'lon nature

of <do- VI-10,VII-40 .
summary of basjc properties VI-11
goto q VI-11,VII-36 .
with -entry- VI-12 ;

g&o- vi-12 .

compared with iterative
w to- VI-'I3

pass1ng arguments with

* ~group- VII- 59 (see -keytype- VII-SB)

a regular command VII-3, VII . »VII- 42
skipped during judging and
search VII-3

. .must not use in «
attached -arrow- unit VII-S -

: graf1t language IX-27

“Ey

-graph- VIII-9 S .
graphics II-1 ' :
" automated display generat on I1-9 -
graphing commands VIII-8 | . |
-origin-, -axes-, -scAlex- -scaley-, o
- -Tabelx~, -labely- -gra h- -hbar-,
-vbar-, -gdraw-. -IOcateJ. -markx-. '
~marky-, -vector-, -1scalex-,
-1scaley-, -bounds-, -polar-,
-funct-, -delta-, -frame-
grid II-1

£ R

nalfc1rc subroutine example Iv-3

-hbar- VIII-9 (also see -vbar- VIIL#Q)

. =help- I-11,1-12,V-4

Tater -help- overrides
~ earlier -help- I-13

- Help sequence V-5.

help sequence is a°
slow subroutine V=7
, return is to beginning of
- base unit V-7 ,
converting between help and mop- help
sequences V-6

- %

. use.of -jkey- to g1ve help VII-46 ‘

~ importance of enabling N
HELP Rey VII-48, o -
w1th,inh bit. erase VIII-ZI

'___/'.(J
el (see initial entry unit)

-iferror- Appendix 8
-ignore- judging command VII 23
-imain- V-12

. , inactive lesson X-4

ex for students to use

with -term- V-11 . )

(| with -imain- V-13 = }°* o
't setting and clearing -imain-' v-14 - '

w1th -store-/-ok- VII-8, ' ’ ;

w1th--match- VI1-24 /. Ot

with -ansv- VII-26 -

ndexed variables IX-3. (also see arrays)

with -storeu- dﬂmens1onal1ty VII 32

warning -about
defining v, n.l’vc, oF nc IX-4,IX-5
ariables X-2

' indenting -branch- IX-11; Kdoto_-«le-lé ;,

Wndexed common




T

© initfal entry unit (feu) VIII-6
L with compute pointers IX-27 p
".relation -to -restart- VIII-2]

‘inftialfzations =
~ 7 general questions
- of initialization V-7,V-8
unit pointe s~c1eaged '

S

/

when new Mmafn unit entered V-11

use of -imain- V-13

Zeroing variables IX-6

zeroing compute pointers IX-26

Tn feu IX-27 '

: -window- not initialized - '\
- . +by matn unit VIII-14: :

" " =-size- and -rotate- npt initialized .

. by main unit VIFI-14 - .
with -restart- ViII-21

initializing\variables VIII-22
zeroing tempoa§n11§g$mon X-1
zeroing -storage- X-12

int function for integer
integer variables IX-17
common integer variables X-2
- instructor mode XI-4 _

- interactions of -arrow-"
v - With other commands VII-44
Introduction to TUTOR, =~ =
Ghesquiere.”Davis,'Thompson I-1
{terative -do- IV-6,V-8.
=1toa- IX-2 |

! n

Jcount sPstem variable VII-9
affected by specs bu
" and -bump- VII-50
and -put-' VII-51,vVII-52
- =jkey- VII-45,V11-46 e
" default Set by -arrow- VII-45
. ‘with response erasing VIII-15
/ -join- VII-3 (also see -do-)
universally executed (regular,
. Judging, search) VII-3,VII-38
"« 1ike -do- except universal
VII1-3/VII-37,VII-40,VII-49 / .
Join-ing -arrow-s VII-5
text-insertion nature VII-5,VII-40
-goto- causes exception
- VI-10,VII-40 .
dudging-commandQ o -
- prevents un-do-ing VII-37,VII-40
repeated executiol: in regular,
" . Judging,.search s¥ates VII-38 |
© ° ~Jjudge- VII-18,VII-19 * : »

b

-judge- is a regular ‘d@gmand VIl-18
Judge wrong used to sta at_-arrow-
VII-18,VIII-19 = L :

does not stop processing VII-21'
in student data XI-3 _

Judge ok VII-19 o o

does not stop processing VII-21

"Judge continue VII-20,VII-47

. -in algebraic judging VII-28

part IX-3,IX-17

insertion of subroutine (by -ddQS III-1 -

‘.=

MBI AEVI112

Judge rejudge VII-21,VII-50
affects -store-/-ansv- IX-2
Judge 1gnore VII-21 :
; stops processing VII-21 :
o tgnoring blank responses VII-49
. Judge- exit VII-22
Judge no VII-23
. in student data XI-3
“conditional form of -judge- VII-23
Judging commands VII-1
o ?see -arrow-, -answer-, -wrong-,
-concept-, -match-, -ansv-,
-wrongv-, -ansu-, -Wrongu-,
{ -store-, "-storea-, -storen-’

.
-

.<{exact-, -exactc-, -ignore-)
symmary- VII-61
sfop processing in

egular state VII-1,VI]-39

T ‘may terminate judging state VII-2

‘ak ard no judgements VI}-2
ddfault.-mo VII-2
require an) -airow- ‘command VII-1
skipped in search state VII-2,VI1-3
- delimit regulay commands VII-3,VII-37
. accessed by -join- VII-3 .
switching from regular to.
Judging state VII-20 3
Judging copy of student response VII-21
-~ affected by -bump- VII-50 g
© | Judging keys VII-45 (dee -jkey-)
Judging student responses VII-1

K - -jump- V-9 .

tnitializations V-9
base pointer not affected V-9
cancels previous -do-s V-9
screen erased V-9

used with -base-" to initiate

help sequence V-9 .-

compared with -goto- VI-7

-Jumpout- XI-4.

-

'

key system variable VII-46
- key names VII-46,YI1-58
catching every key VII-57
key codes VII-58
timeup VII-59
with touch and external jnput
keyset or keyboard I-3 ,
-keytype- VII-58 (see' -group- VII-59)
keyword judging VII-23
-kstop- Appendix B

XI1-2

"~ =lab- V-10

-1abl- Vv-10

- labeling yraphs VIII-8 i
: labels on statements . .
for -branch- IX-10, for -doto- IX-12

‘must not have duplicate labels IX-11
-labelx- VIII-9 (see -markx- VIII-9
-labely- VIII-9 (see -marky- VIII-9

R

-




a

‘?%;ﬁﬂtﬁf
large-size writing I1-3 *ﬁ

left shift
(see circular left shift IX-18, xxﬂEO)
lesson space VIII-7,X-3
lessons not swapped X-6
levels of -do- (10 permitted) III- 2
. 1ine drawings (see -draw-)

1ine-drawn characters e

& (see -size- and -rotate-)
-1{st=- VII-13

‘In -answer- and -wrong- VII-13,VII-14

-1oada- VII-53,VI1-54
-locate- VIII-Q (also see -at )
logking common X-8
logical expressions VI-3
in conditional commands VI-3

mixed with numerical expressions VI-4

1pgical operators =,#,<,>,6,> VI-4
roundoff on equality VI- 4 IX-3
logical operators sands. SorS. (not)
VI-4,VI-5
-iong- VII-B
force long VII-8,VII-44.
fgllows -arrow-, precedes- judging o
ommands VII-8
modifies -arrow- VII-8
must precede -specs- VII-1 ’
long 1 with judge ignore VII-22
default set by -arrow- VII-44
-edit- for long greater
than 450 VII-45 : ’
-1scalex- VIII-10 (see -scalax- VIII-9
~1scaley- VIII-10 (see -scaley- VIII-9

.

main unit V-1,v-6,VI-9 .
?t affected by -goto- VI-8 . +
margin set by -at- anp -arrow- VIII 1
marker
-arrow- marker VII+1,VII-2
~ =specs- marker VII-12,VII-13 |
markup of response VII-27
-markx- VIII-9 (see -labelx- VIII-9
-marky- VIII-9 (see -labely- VIII-9
masking in bit man1pu1at10ns
($mask$) IX-21
-match- VII-23
also see -storen- V11-25
in grafit language IX-27
mathematical expressions IV-1
merge -(see $unfon$ IX-23)
-micro< VIII-8
microfiche XI-1

micro table VIII-8

-mode- (erase, write, rewrite)
I1-7,VvIII-4,VII1-7

- conditional form VI-7

modulo function IX-3

micro-key options 1-5 «

-modperm- VII-36 (alse see permutatfbns)

-move- VII-53 .
multiple -arrow-s I-13,VII-4
multiplication
explicit between defined names IV- 5
(except for,students VII-7)
takes precedence over division IV 2
music XI-3

-name- VII-56 " ' -
naming variables (-define-) IV-4 :
negative words VII-24
-next- I-11,v-1
put near beginning of unit V-2
successive -next- commands
override V-2
- "next " or "next
pointer V-3
NEXT key [-4,V-2 - .
always a Judging key VI1-45 - B
ignoring extra NEXT keys VII-49
. next qhysica1 unit v-2 Y
-nextl- V-10 : ) T
-neéxtnow- I-11,1-13 '
-np- VII1-8, VII-23
. i in arithmetfc drill VII-26 _
“nodiff specs option VII-11
non-help sequence {-5
converting between help ‘and non- he]d
. sequences V-§ °
non-numerical parameters specified
by student VII-8 - |
nookno specs option VII-12,VIII-19 ‘
noops specs option VII-26
noorder specs option 1-1Q,VII-12,VII- 19
not {logical function) VI-§ .
notoler specs option VII-1
novars specs option VII-26
-noword- VIII-20 . :
numeric information different *
- 1 from alphanumeric VII-9,VII-10-
[ range of numerical values IX-13 f
numerical parameters specified L
by student VI1I1-6,VI1-25 Y !
checking for negative VII-20 % ¢
numerical and algebraic judging VIlN25
a]gebraic VII-27

9" to clear

)

/. ~ N

octal numbars for masks IX-21

octal show command, -showo- IV-9,IX-22
-ok- VII-6,VI1-20,VII-23-

okassign specs option IX-28

okextra specs option I-10,vII-1N

* okspell specs option VII- 11.U!I 19
-okword- VIII-20

okxvocab specs option VII-16
opcnt syst%m variable VII-26,VII-28

’




~open- Appendix B
-operations (see precedence)
optional words
in -answer-/-wrong- -9
in -vocabs- VII-1§
- -or- judging command XI-2
or ($or$) logical operator VI-4
-origin- VIII-9
comparison with -at- VIII-13
-output- XI-4
~-outputl- XI-4

&,
-pack- VII-53.VL&L55
parentheses around function
arguments IV-5,VIIs6 -
partial circle I1-2
passing arguments IV-9 (see arguments)
" -pause- II-4,VII-57
between -arrow-s, ‘
with -endarrow- VII-§
catching every key VII-57
no- key display VII-60¢- .
no help at blank -pause- VII-60
pause keys=a,b,etc. VIINGO *
help, term, etc. possiie VII-60
NEXT key special VII-60: .
-return- X-10 - ‘
permanent common X-3 (also see -common-)
permanent storage area X-4
permutations VII-35 .
-randp- VII-35 s (
_=setperm- VII-35
-remove- VII-35 - .,
-modperm- VII-36 S
vocabulary drill VII-36 v
photographic projection XI-1
~ physical pext unit V-2
place notation IX-19 _ :
Plasma display panel I-2 : .
-play- XI-3 !
‘=plot- VIII-22 : .
plotting functions IX-26
(also see -funct- VIII-10)
pointers [(oext, help, base, etc.)
to clear pointer V-
success fve\ commands override
earlier setfings v-3,V-6
.cleared when hew ;

- main unit eﬁt ed>V-ll
compute pointer I-26
. Zeroing fn jeu I¥-

- pointing at toych panel X
-polar- vlll-lx

P

positjoning II+1 _

powers in floating-point numbers IX-1

precedence (of mathematical operatiofis)
-1,VII-31,IX<27,1X-28 4

eparing lesson for active use X-2
-press- Appendix B

- ; X

v . . /
. : - :

:

I

-putv- VII-52
‘ \

]

primitive variabYe'names
- (v1-v150) IV-2,IV-5,I%-27,1X-2¢8

- .

- -put- VI1-2} VII-5]

affects jcount VII-51

terminates’ judging 1f string

too long VII-51 .-

combinations of

-put- and -Gump- VII-52

affects -store-/-ansv- IX-25
-putd- VII-51 salso see -put-;

also see -put-

»

q ésgecial unit name) V-3,VI-3
clears unft pointérs V-10,VI-3
goto q VI-11,VII-36 =~ .\
in conditional iterative -do- V1-13
with -branch- IX-11~ - ..

quote marks for. characteir strings =
single S'dog' VII-54,1IX-19
double (“dog"): VII-58,IX-18

random numbers . .
(see -randu- and permutations) .
-randp- VII-35 (41so see permutations)
-randu- VI-§
arithmetic drill VII-26 .
algebraic judging VII-27,VII-28
compared with -randp- VII-35
range of numerical values IX-13
-rdraw- VIII-12 =
affected by -size-‘and
-rotate- VIII-13
compared with -gdraw- vili1-13

" readability with subroutines II1-2°

-reada- XI-4

-readl- XI-4 . -

-readset- Appendix B ' '

=record- Appendix B

registration records VILI-21,X-4
-storage- not savéd X-11

regular commands VII-1 ‘ .

skipped in Juduing :
state VII-1,VI1-20,VII-37,VII-39
skipped in search

state VII-2,VIl-3,VII-37
-do- and -goto: are regular |,
commands VII-3 E )
switching from regular to

Judging state VII-20

~ ~  Jjudging command stops and

prevents un-do-jng VII-37,VII-39

- -remove- VII-35 (also see permutatfons)

responses (see judging)

response data XI-3 -/

-restart- VIII-21 “ ‘
(also see initial entry unit VIII-6)
-storage- not saved X-11

L]

e




restarti n VIII-6
(-restart- cosmand VIII-21)-

-return- X-10 (also see -pause-)

return from help. séquence V-5,V-7,V-8

ravrite mode 11-8 Vlll-Q.Vl!lo7

right shift
(see arithmetic right shift xx-zo lx-23)
-rotates 1.3
;interaction with -arrow- VII-44
"affects -writec- VI-6
~does not affect altornata font VIII-7
- affects -rdraw- even- .
in size O VIII-13
not inftialized by main unit VIII- 14

rounding

« of condftion in conditional
commands VI-2 ’
in equality operation VI-4
in indexed variables IX-4
in segmented variables IX-7
with integer\variables Ix-l7

-route- Appendix B

routers XI-4

-routvar- Aggcn ix8 °

Russian alphabet VIII-5

PO

-

-scaledv/-sca y- VIII-S
(also see -1gcalex-/-1scaley- VIII- 10)
compariso with ~size- VIII-13
scaling in graphing commands VI1I-8
scientific units VII-31 (see -ansu-)

. -search- {character string L.

commdnd) VII-53,VII-54

" search state (looking for addit{onal

-arrow-s) VII-2,VII-37.
skips regular "and .
Judging commands VII-2
segmented variables 1X-6,IX-24
table of ranges and space IX-8
signed segments IX-7
fractional numbers IX-9
slowness IX-10
equivalent bit manipulations 1x-20
byte manipulations IX-24
selective erase
(text I1-4, graphics 11-7)
sequenting V
S~ summary of sequencing commands V 10
author-controlled and
student-controlled g
within a unit, see -branch- IX-10

-sétperm- VII-35 (also see permutations)

Sherwood, B. follawing 1-2,IX-27
Sherwood, J. following I- 2
shift character
WI-9,VI1-50,VII-52,
shift operators

skip in -draw- VILZI-10

.show- - .
significint figures IV-B
-showa-»(al hanj) ?c) Iv-9, Vll-9
default length V]I-9 )
uses 6-bit character codes IX-16
ignores null kcharacters IX-17
a with v or n. variables IX-18
-shouc- exponenkial) IV-9
-showt- (tabular} 1V-9
-showo- (octal) W-9,1%-22
-showz- (show tr: ling -zeroes) iv-9
automatic erasing VvIII-16 a
sign-in/sign-out VIIR-21,X-4
_ simulation of judgin and saarch VII-3
- sin (sine function) :

-size- I1-3 ' * o
interaction with - %rrow- Vll 44f
affects -writec- VIM6 - -

& font VIII-7?

does not affect alt
affects -rdraw- V111
comparison wi
not initialjzed by
skipping over

1-2,V11-14
smpoth dnimations VIII+7 -
special characters VIII-4.
specifying parameters
numerical I
-store- VII-6 .““*
with -show- VII-10
non-numerical ‘
-storea- VII-8, VII-Q
with -showa- VII-10°
-specs- I- 10,VII-1
notoler. nodiff VII.N
bumpshift I-10 vu/n
okspell VII-1N
with -concept- VI1-19.
okextra I-10;VII-11
noorder I-10,VII-12 °
with -concept- VI1-19
nookno VII-12,VIII-19
‘okxvocab VII- 16
noops ,novars VII-26
okass;gn IX-28
-specs-- 15 a judging command VII-1
*  -specs~ sets a »
marker VII- lZ.VII-la,VII 37 -
later -specs- overrides
s+ -earlier marker VII-1
- clears anscnt Vll 17

speech XI-3

spell system variable v’ 13
square root function,
sqrt(expression) IV-8
statement has command and tag I- 7

\




statemant label

with -branch- IX-10, with -doto- IX-12
must not have duplicate-labels IX-1

station system variable X-9 ’

status bank X- -3, a

-step~ cormand X1-5

step special term XI-5

=stoload- X-1N

astorage~ X-11 (also see -cOmmon-).

V . =storeu-" VII-31"

o

not saved on sign-out X-1

Zeroed on sign-in-X-12 . o "

T dying comand VII.g
udging comman - :
}udges no 1f cannot evaluate VII-?
- with =show- VII-10
" compared with -storen- VII-25
“with -ansv- VII-25
concept/vocabs similar to
ansv/define VII-27
warning about (1/2x) VII-3
‘affected by -bump-,
-put-, and jJudge reJudge IX-25
no primitive variable
names I[X-27,IX-28 .
no assignments without
specs okassign I1X-28
store values into variables. lv-2
-storea- VII-8,VII-9
with -showa- VII-10
= with character strin
manipulations VII- N
/bpposite of -loada-/VII-53 -
./ compare with -pack+/ VII-65 -
merely collect response VII-57

~with v or n variables ;X 18 /

<storen- VII-25 /
~also see <match- VII-23

~and zstore- VII-6 ./ -

ot

terminate Jud?in i; error VII-33

character strings)
ne set VII-7

student responsgs vII-)
storing responses
(sée specifying parameters)
Judging resgonses.
see judging commands)
tudent ;

see specifying. parameters)

student variables (v1-v150) Iv-2

in displays IV-3

compared with common variables X-1
augment with -storage- X-11

-subl- Appendix B

superimposing writing 11-8 VIII-4
superscripts and subscripts I1-5,VIII-3

esponse data XI-3 . - - 7
" st den;.sp‘eification of parameters

es 6:bit character codes IX-16 /-

! system variable lV-1
ansent VII-17
args V-1
tlochVIl-56
formok VII-7,VI1-27, v11-33 Ix-26
Jcount VII-9
affected by Sp;?? bumpshift VII-12

. . and -b

, and -p:?E VII-SI.VII-SZ
key VI1-46
Opcnt Vlf-ZG.V"-?B v

. spell VII-13
station X-9 »
varcnt VII-27,vII-30 -
vocab VII-18 - .
where VIII-2 ° :
updating in -draw- VIII-10
wherex VIII-3
wherey VIII-3
subroutines 1111
superscripts and subscripts VIII-3-
swapping process X-3,X-6
swapping memory x-4
and common variables X-6
synonyms
in -answer- 1-9, Vll 13 B
(also see -list-) - A
in -cpncept- VII-16 A -
(also see -vocabs ) \

-

‘table of square robts IV-8
-tabset- Appendix B
,tabular show command, -showt- V- 9

; ?k special term x{ -5
tem orary gommon X v
(agso see -common-) o

* “Tenczar, P. following I-2- N

-term- V-N

) complementary to -help- V-11

dictionary use v-12 -
_ duplicate terms an error V-1
* synonyms V-12 .
step, cursor, consult, talk XI- 5
terminal capabilities 1-2,1-3,XI-1
- text’(see -write-, -size-, -rotate-)
text insertion of subroutine
by =do-)-TII-1
-arrow- in subroutine VII-5
Thompson, C. I-1
tick marks on graphs‘Vlll-B
~time- .11-6
time-slice X-8
timeup key VII-59
tolerance '
with -answer-/-wrong- VII "
with -ansv-/-wrongv- VII-26°
with’ -ansu-/-wrongu- VII-34
on equality operations VI-4, 1x-3

\" .




-touch- XI<2

_ touch panel XI-1

- -transfr- IX-6

' not with segmented variables IX- 7
with -common- or -storage- X-11 -

tries (counting student attempts) VII- 20

-~ true (in Togical expressions) VI- 3

¥ .
\

.

b
’

.uncond%tiongl commands VI-2

“(also see\conditional commands )
$union$ IX-23

(also see $AiFF$ exclusive union IX- 23)

‘4

-unit- I-8 }
terminates preceding unit VI-10
see -entry- VI-12

(which does not terminate)
must not have .
duplicate -unit- names IX-11
unit\pointers (see pointers) V-2
‘units seientific units) vII-31-

. 2

executjon.of -join- VII-3 b
-use- Appendix B .

¢

varcnt system variable vVi1-27, VII—30
variables l
student variables Iv-2
with -restart- VII[-22
with -storage- X-11 .
indexed variables IX-3
with -storeu-

dimeaegnnality VII-32 -
common® var}ables X-1 6
-vbar- VIII-9 {also see gﬁ
ctor- VIII-10

) segmentedwvariables I ,
* range of numeric valugs IX-13

bar- VIII-Q)
sydtem variable VII-18
vII-19. - .

X (speciel/yﬁﬁi/;ame) V-3.VI¢3 ;

© -zero-,

where system variable VIII-2
updating in -draw- VIN-10

- wherex system variable VII
* wherey system variable. VIII 3

-window- VIII-14
-write- coarse grid 1-8,fine grid II-2
with embedded -show commands IvV-9
s for -show-, a for -showa-,
t for -showt-, e for -showe-
and 2 for -showz- IV-9°
- conditional -write- (-writec-) VI- 5
with left marging VIII«}
continued -write- statement VIII-1
successive. -write- statements VIII- 2
-also see -size- and -rotate-
size 1 versus size 0 VIII-13
‘automatic erasing VIII- 16
alternate font
-with charset VIII-5-
using -char- and -plot- VIII-22+°
write mode 11-7
-writec- VI-5 (also see -write-)
X is not the fall-through option VI 6
special character ,

»

. when using commas VI-6 .
with embedded show commands VI-6
affected by -size- and -rotate- VI-G
automatic erasing VIII-16 \
-wrong- 1-9 (alsosee -answer-)
-wrongu- VII-31,V11-33 (also see -ansu- )
-wrongv- VII-25 (also see -ansv-)
with scientiﬁjc units VII-33

x 6
ngt with segmented variables IX-7
y,

~




